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The prototype development and calibration of the Limb Volume
Measuring System (LVMS) for the Skylab Miss=ions was performed in
the Instrumentation Laboratory of the Department of Electrical Engi-
neering at the United States Air Force Academy. This report discusses
the final processing and analysis of the leg vol ume =uota for Skylab
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The design of the leg volume measuring system employed for the M092
portion of the Skylab Missions required the development of a system sen-
sitive to large and small volume changes at the calf of the leg. These
changes in volume were produced in response to the orthostatic stress of
a Lower Body Negative Pressure Device (LBNPD) or by venous occlusion.
The prototype capacitive plethysmographs were desi gned at the U.S.
Air Force Academy and were space qualified by the Martin-Marietta Corpora-
tion for use on the Skylab Missions. The design and evaluation of this
type of measuring system has been described previously (1, 8, 9).
The operational efficiency of the Leg Volume Measuring System (LVMS)
was additionally verified during the 56-day simulation of Skylab environ
r=
	
ment at l-C (Skylab Medical Experiments Altitude Test) (g) . The capacitive
plethysmographs were used in conjunction with the M092 Lower Body Negative
Pressure test to obtain baseline physiological data._ A capacitive plethys-
mograph must be initially calibrated to establish the correlation between
the change in capacitance and the change in volume of the segment being
monitored. The devices and techniques used to obtain the calibration data
for the seventy-six Skylab leg bands have been described in a previous
technical report (2).
In addition to the calibration of the LVMS, specific signal processing 	 i
was also performed at the Air Force Academy. A previous technical report
(3) described the system,, techniques and algorithms used for signal p.ro-
cessing performed in the Instrumentation Laboratory.
The cardiovascular responses of the Apollo crewmen associated with
the postflight evaluations indicate varying decrements of orthostatic
tolerance. The postflight changes indicate a slightly diminished ability	 a
of the cardiovascular system to function effectively against gravity
9
following exposure to weightlessness. The objective of the Skylab LBNP
experiments (M092) was to provide information about the magnitude and




periods of exposure to weightlessness. This report details the equipment,
signal processing and analysis of the leg volume data obtained from the
M092 experiment of the Skylab 3 Mission.
METHODS AND MATERIALS
The preflight baseline data were acquired prior to flight at varying
intervals up to four and one-half months before launch. In-flight tests
were performed at approximately 3-day intervals while postflight data
were collected at increasing intervals of time over a period of several
months.. Tables 1 and 2 indicate the chronology and number of the M092
tests conducted on each astronaut of the Skylab 3 Mission.
Experiment Hardware
The M092 experiment hardware consisted of the Lower Body Negative
Pressure Device (LBNPD), the Limb Volume Measuring System (LVMS), a Blood
Pressure Measuring System (BPMS), a Vector Cardiograph System (VCS) and a
Body Temperature Measuring System (BTMS). An Experiment Support System
(ESS) provided power and controls for operation and calibration of the
hardware. This report will be restricted to a discussion of the leg
volume changes except where discussion of other cardiographic parameters
help explain or clarify the changes in leg physiology.
i
a. LBNPD. The lower body negative pressure device used for testing
orthostatic tolerance was cylindrical in shape and constructed of
anodized aluminum. Adjustable iris-like templates at the open end of
the device formed to body contours at the level of the waist. An adjust-
able padded saddle allowed lon gitudinal positioning such that the iliac	 ±
-crests were located at the level of the metal iris plates. The final
component of the waist seal was a zippered, pliable, contoured sheet of
fluorel impregnated beta cloth which was fastened around the waist with 	 f
velcro fasteners. The LBNPD is shown in Figure l in the open position
to allow attachment of leg.volume sensors., The negative pressure was
2
iTABLE 1. CHRONOLOGY OF M092 LOWER BODY NEGATIVE PRESSURE TESTS DURING
PREFLIGHT, IN-FLIGHT AND POSTFLIGHT PERIODS OF SKYLAB 3.
Commander Scientist Pilot Pilot
Run Jul Mis Expr Run Jul Mis	 Expr Run Jul Mis Expr
No. Date Day Code No. Date Dom.	 Code No. Date Day Code
i 1 80 F-129 1 1 67 F-142	 1 1 79 F-130 1
2 113 F-96 1 2 95 F-114	 1 2 92 F-117 1
3 150 F-59 1 3 178 F-31	 1 3 178 F-31 1
4 178 F-31 1 4 193 F-16	 1 4 193 F-16 1.
5 193 F-16 .1 5 204 F-5	 1 5 204 F-5 1
6 204 F-5 1 6 213 5	 2 6 214 6 2
7 214 6 2 7 216 8	 2 7 219 11 2
8 219 11 2 8 220 12	 2 8 224 16 2
9 224 16 2 9 225 17	 2 9 227 19 2
10 228 20 2 10 229 21	 2 10 231 23 2
11 232 24 2 12 235 27	 2 11 234 26 2
12 235 27 2 13 237 29	 2 12 237 29 2
13 239 31 2 14 240 32	 2 13 241 33 2
14 242 34 2 15 243 35	 2 14 243 35 2
15 244 36 2 16 246 38	 2 15 247 39 2
16 248 40 2 17 249 41	 2 16 250 42 2
17 251 43 2 18 253 45	 2 17 253 45 2
18 254 46 2 19 255 47	 2 18 256 48 2	 1
19 257 49 2 20 258 50	 2 19 259 51 2
20 260 52 2 21 261 53	 2 20 262 54 2
21 263 55 2 22 264 56	 2 21 266 58 2
22 266 58 2 23 266 58	 2 22 268 R+O 3
23 268 R+O 3 24 268 R+0	 3 23 269 R+l 3
24 270 R+2 3 25 269 R+l	 3 24 270 R+2 3
25 270 R+2 3 26 270 R+2	 3 25 272 R+4 3
26 272 R+4 3 27 272 R+4	 3 26 273 R+5 3
27 273 R+5 3 28 273 R+5	 3 27 277 R+9 3
28 277 R+9 3 29 277 R+9	 3 28 284 R+16 3
29 284 R+16 3 30 284 R+16	 3 29 297 R+29 3
` 30 297 R+29 3 31 297 R+29	 3 i
I
i
TABLE 2. M092 LOWER BODY NEGATIVE PRESSURE
t TESTS DURING SKYLAB 3.
4
^
Preflight In-flight Postflig ht Total
Commander 6 16 8 30
Scientist Pilot 5 17 8 30
Pilot_ 5 16 8 29










FIGURE 1. THE LOWER BODY NEGATIVE PRESSURE DEVICE (LBNPD).
4Y:
provided by a vacuum plenum or, during flight, by the vacuum of space,
and a manual valve was used to control the decrement of pressure within




the chamber to ambient pressure. Temperature sensors were located both
internal and external to the LBNPD to provide LBNPD temperature and
ambient temperature.
b. Limb Volume Measuring System (LVMS). The limb volume measuring,
system was designed to measure the volume charges occurring at the calf
in response to a lower body negative pressure test or venous occlusion.
The magnitude and time course of the leg volume response was used to
w
	
	provide an indication of changes in vascular physiology associated with
an altered cardiovascular status. The type of capacitive plethysmograph
used on the Skylab Mission is shown in figure 2. The operation of the
plethysmographic sensors has been desct-ibed in considerable detail in
previous technical reports (1, 2, 8, 9). Basically, the sensors function
by transducing the change in capacitance between parallel plates (skin
and measuring plate)- and relating the change in capacitance to a change
in volume. The transformation to percent change in volume is accomplished
in reference to the initial calibration of the plethysmograph and the
calibration plates which are internal to the leg band 	 Each plethysmo-
graph sensor contains its own electronic module, calibration plates, a
spiral torsion spring, foam separation material, measuring band and
shield as shown diagrammatically in Figure 3. Each sensor is adjustable
through a one-inch range of calf .circumference with utilization of the
same calibration number over that range 	 A list of the plethysmographic
sensors available for the Skylab mission with their range, calibration
value and output voltages are tabulated in Appendix A. The operation
of the LVMS required that the astronaut establish the proper sensor
gain by adjusting null and gain potentiometers located on the ESS to






FIGURE 2. CAPACITIVE PLET14YSMOGRAPH USED ON SKYLAB FOR
MEASUREMENT OF VOLUME CHANT-E AT THE CALF.
I
pa
In operation, two plethysmographic sensors are placed on th,e subject
as shown in Figure 4. The sensor on the left leg measures the change
in volume at the left calf and is also responsive to changes in tempera-
ture and humidity within the LBNPD-. The sensor on the right leg is
placed over a stainless steel cylinder or reference adapter in contact
with the skin. This cylinder or reference adapter insures that the
right leg band is responsive only to temperature and humidity changes
in the chamber. Thus, by using the difference signal (i.e., left leg
band output minus right leg band output), data could be produced which
was unaffected by changes in environmental conditions. The typical
output from the left and right leg bands as well as the difference or -
corrected signal is shown in Figure 5
Experiment Procedures
Provisions were made to allow sufficient time between physical
exertion, meals, showers or venipunctures and the LBNP test. Prepara-
tions for the test included instrumenting the subject with the modified
Frank lead system for the recording of the Vectorcardiogram. With the
subject supine in the open LBNPD, both calf circumferences were measured
to the nearest one-eighth inch at the location of the maximum girth.
After securing the LBNPD seal, knee and ar:kle restraints were fastened
and the plethysmographic sensors of the proper size were installed and 	 j
their calibration checked. The BPMS cuff was attached to the left arm
j	 and VCG electrode impedances were checked. Figure G shows a sub;j,ect
fully instrumented for the M092 Lower'Body Negative Pressure experiment:
Preceding and following each test, calibration values for heart rate,
i
systolic and diastolic blood pressure, left and right leg volumes, and
VCC were checked and recorded. The LBNP protocol shown in Figure 7 was
identical to that used for the preflight and postfl.i.ght experiments.
j The first and last 5 minutes of the 25-minute protocol, were control and
recovery periods at ambient pressure. The 15-minute stress periodcon.j








FIGURE 4. POSITION OF THE PLETHYSMOGRAPHS ON THE LEGS
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The protocol	 required negative pressure to be applied in the following
sequence:
	
1 minute of 8 and 16 mm Hg, 3 minutes of 30 mm Hg and 5
minutes of 40 and 50 mmHg (Figure 8). 	 The experiment was terminated
if the subject experienced significant discomfort or if changes in





The detailed description of the signal processing was previously
described in an earlier report (3) so only essential 	 details will	 be
described in this report.	 The overall simplified scheme of signal
processing is illustrated in Figure 8.	 The outputs from the two leg
bands in the configuration previously described are telemetered from
the Skylab Workshop with a range of 0 to 5.0 volts.	 Each leg band's
output data is then computer processed through its individual cali-
bration curve.	 This process is, in effect, a data transform which
adjusts the data to account for the characteristics of that particular
leg band's calibration curve.	 The calibration report (2) from the
Instrumentation Laboratory explains in detail the techniques used for
obtaining calibration curve data. 	 After the leg band data were indi-
vidually adjusted, the compensation for temperature and humidity was
accomplished as indicated by the summing junction of Figure 8. 	 This
type of	 rocess^n	 was very effective at removing nose, electrical	 p i g
	
y
spikes or changes due to LBNPD termperature and humidity provided the
artifact was of the same magnitude on both the left and right leg
outputs.	 The calibration curve transforms, the output summation, data
printout and initial computer plots of the M092 leg volume data were
performed at NASA, Johnson Space Center, Houston, Texas. 	 `a
The portion of the 1-VMS processing performed at the Instrumentation
Laboratory, USAF Academy, is also indicated on Figure 8.	 The purpose of
this processing was:	 (1) to remove any large artifacts such as electrical























last data point in each of the seven periods of the M092 experiment;i P4
(3) to normalize the data to a baseline just prior to onset of negative
i" pressure;	 (4) to perform the foam correction required for each leg
	 {
r! band; and (5) to add pertinent identification or experiment information
to each M092 experiment.
In order to perform the special signal processing flowcharted in
Figur,a 9, it was necessary to develop techniques and programs cap able
of manipulating such a large data base.
	 All	 computer programs utilized
for signal processing are contained in the separate signal processing
report (3).
K
The processing system consists of a Xerox Data Systems Sigma 5
digital computer and 7-track magnetic tape drive as well as the Inter-
active Graphics Terminal shown in Figure 10.
	 This and other associated
equipment used in the processing is shown in the block diagram of
Figure 11
The processing functions performed and charted in Figure 9 are
typical operations for a real-time interactive graphics processor.
	 In
operation, the NASA data tape with additional identification informa-
tion was loaded into the Sigma 5 computer and selected single or multiple
parameters were displayed on a monitor in 3.3 minute segments of time.
Corrective procedures (offset, entry of EOP times, normalization and
foam correction) were performed and the data was saved for additional
processing;
	 The steps involved with the data processing performed by
i.'
the Instrumentation Laboratory of the Air Force Academy were performed
on all Skylab data.
	 These steps as charted in Figure 9 consisted of
a series of operations designed to produce a final consistent data
configuration which would Lend itself to automatic data processing by
` subject and mission.	 All of the raw data as received from JSC-Houston
in the 7-track, 800 BPI, packed binary format was plotted as shown in
F	 '1 Appendix B.	 After plotting the raw data, supplemental
	
identification,
anthropometrtc and environmental information was added to each run to
}
r
expand the identification record from 12 to 42 elements.











CAL C OMP PRINTOUT



















FIGURE 10. INTERACTIVE GRAPHICS TERMINAL USED FOR
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contain the additional information and serve as summary data tables for
each astronaut. Missing runs or asterisks as shown on these tables indi-
cate that the data was not available from Johnson Space Center. The consid-
erable amount of noise, wild points and offsets were removed from the data
by the judicious use of the Wild Point Editor, Sias and Update functions of
the Interactive Graphics Processor. Examples of raw and processed data plots
are illustrated in Figures 12 to 19. In the course of the processing, more
accurate end of period (EOP) times were obtained by sampling the time array
just as the levels of negative pressure changed. These new times were added
to the information elements of supplemental or summary data arrays. The EOP
times obtained in this manner and used for all subsequent data processing
are contained in Tables 6 to 8. Figure 20 contains the frequency of use data
on plethysmographs used for the Skylab 3 Mission.
In order to simplify subsequent processing it was necessary to adjust
the data (at least the PLVC data array) to a baseline or reference point.
This was accomplished by normalizing the PLVC data array to the mean of
the last 10 data samples just prior to the onset of the 8mm Hg negative
pressure level.
A foam correction factor was applied to the normalized percent leg
volume change to account for the minor difference in leg volume resulting
F
	
	 from the back pressure of the foam of the leg band upon the small vessels
at the surface of the calf. The foam correction factor was determined
from physiological tests comparing data taken with Whitney Guages and
Capacitive Plethysmographs. The foam correction factor is a data trans-
form using the best fit second order polynomial equation obtained experi-
mentally for each band size. The equation used for the processing of all
Skylab data was Y .001 + .90X - .002X 2 . The Y value was the output
for the capacitive leg bands and the X represented the Whitney output.
This foam correction factor enables the leg band calibration derived
from the calibration cylinders to reflect the soft tissue-foam compres-
sion interaction on the skin of the calf.
The olots of the M092 le4 volume data subjected to the above processing
OF PWR QU ^3
& TABLE 3.	 SUMMARY DATA FOR SKYLAB 3 COMMANDER.
LEF T L. fr, LVMS	 DATA_ RIGHT	 LEG LVMS DATA AMBIENT LRNPn
RUN JUL. ExPR , DATA- B A N p CAL, BAND cAL,. L.L, R,L,	 BODY BODY TEMPERA TUR E TEMPERATURE
NO, DATA CODE ' cnDr I v D. RLn. PRE, POST I . U. RPQ. P RE. POST CIRC CIRC	 MASS TEMP START END START P1 P4 P5
g 80 1 1 OL 3't 9 n 3.91 -3 1 A6 RF 3.10 3.16 3.18 36.20 36.80 68.9 36.3 19.9 2 0 # 0 21.1 21. p 71 .4 21*6
2 113 1	 - 3 cP 311 , n 3.04 3a08 R4 3,90 3.82 3.95 36.26 36.80 69.4 36.2 90.0 2 0°0 71. 1 20.3 p0 . 8 20.8
3 150 1 38 GY 3e7n 3.65 3@ 5 4 HT 3;10 3902 2.99 34.90 35.90 68.5 36.7 ?1.7 21.7 27.8 ?2.0 ? 2 ' 4 22i4
A 178 1 1 AP 3 1 00 *+;* **** 9A 3.10 ** * 1, **** 34.40 35.70	 68.9 36,9 22.5 22.2 ?3,1 23.3 23.4 23.8
5 193 1 1 tY 3t4n 3. 4 2 3.58 AR 3;00 2.79 3,1.2 34.30 35.60 68.0 36 .3 23. 9 23. 9 ?5.6 75.6 p5#6 25#8
6 204 1 8 tY 3 1 40 3.44 3 # 65 AP 3.00 3.16 3.11 35.10 36.10 68.5 36.3 23.9 24.4 24.4 24;4 05.0 251 0
7 214 2 34 H ,3120 3x03 3a no C 3.10 2. 9 8 3.03 33.70 34.60 65.9 37,1 ?5.6 25 .6 27.8 78.7 2812 28.3
8 219 2 3 6H 3 1 70 3.10 3a 14 9U 3,50 3.45 3.19 33#00 34,00 66.0 36.4 p5 9 8 25.9 ?7.2 77.4 p7.7 27.8
9 224 2 2 I 4r5o 4.26 4 #97 AO 3.20 3.19 3.03 33,40 34.30 66.1 36.6 ?3.3 23.8 25,6 ?5,3 25.4 25.6
-10 228 2	 ­ 48 1 4 # 50 4.44 et 1 30 AQ 3.20 3.12 2.98 33#00 34.10 66.2 **** 93.6 23.6 95.n 25.1 p5.6 25.6
11 232 2 37 1.1 4,5.0 **** cell 40 3;20 **** 3 * 07 92.70 34,00 65.9 36,7 **+* *+** 26.1 26,4 p6.6 26.7
N0 12 235 2 7 '-1
4p5 0 4.30 3,21 AD 3,20 3.10 3,07 33.00 34.00	 66.1 **** 04.4 24.8 26,1 26.2 p6.5 26.6
13 -23 9 - 2 3 L1 4 e5n 4036 to+a AD 3;20 3.22 3.03 32.40 33.70 66.4 37,0 7 4.8 25.0 26.1 26;3 25.4 26.7
14 242 2 1 4^I 4i*0 4,43 4 #94 AQ 3;20 3.10 3#07 32.40 33#70 66.6 37.0 23.8 23.8 ?5. G 25.0 ?5.6 25@6
15 244 2 i UT 4 00 3.03 208 AD 3,20 4.39 *+++ 32.70 33.70 66.4 **** 24.0 23.9 25. 6 25.6 25.6 26.1
1 6 248 2 3 1.I 4 1 50 4.44 4 .30 49 3.20 3.12 3,03 3 2.40 33.70 66.4 **+* p2.6 22.8 23.3 23.9 23#9 24#4
17 251 2 3 I 4 1 5 0 4.38 4.00 AQ 3,20 3.17 3,00 32.40 33.70 66.5 **** 23.7 23.7 ?4.4 24.4 ?5.0 25.0
i I 254 2 34 41 4 1 50 4.47 as ** AQ 3;20 3.10 2.98 3 2# 4 0 33.30 66.0 **** 23.2 23.3 23.9 ?4.4 24#4 24.4
19 257 2 3 41 4#5n 4,47 4. p6 AQ 3;20 3.24 3.17 32. 4 0 33.30 65.8 37.,0 23.3 23.0 23. 9 73.9 ?4.4 24.4
20 260 2 3 6T 4 t9n 4.59 *a ** AQ 3;20 3.14 3.12 32.40 33.30 65.9 **** p3.3 23.3 23. 9 24,4 24.4 24.4
2;' 2 6 3 2 3 c1 a 15n 4.43 4@32 AQ 3,20 3. p7 3.05 3 240 33.30 66.2 36 . 8 ?2.7 22.6 23.3 23.9 ?399 23*9
i, 22
266 2 3 cl 415n 4.32 4*3o AR 3;20 3.70 3.05 3 2.10 33.30 65:3 37.1 23,3 23.2 24.4 24,4 ?5,o 25*0
23 268 3 3 6E 3e6n 3.61 3#69 AP 3.00 7 * 97 3.08 3 2.10 3200 64.6 36.4 p0.9 21 .8 ?? , 5 ?2.6 ?2#8 23.1
74 2 6 9 3 3 1,G 3, 9 0 3.5 4 3.Sp AN 3;00 2. 9 3 3.04 3 2. 3 0 33.30 64.2 37.1 ?2.3 22.3 94.1 24.1 p3<8 230
25 270 3 23 6E 3,66 3.47 3 # 94 AP 3;00 3.23 3,01 3 2,10 33.40 64,5 36.1 92.2 23.0 23. 6 23.7 03 . 7 23.9
P6 272 3 3 k^E 316n 3.58 3 Ap AP 9.00 2 .8 6 3.13 32.80 34.60 66.8 36.4 23.2 23.1 ?4.1 24.? p4.5 24.8
27 273' 3 3 CE 3 1 60 3.65, 3 # 79 AP 3.00 3.02 3,13 32,90 34.90 66.5 36.7 23,9 23.6 24.7 ?4.p 24.9 2319
28 277 3 3' 4F 3eAn 3.4 9 3,71 AP 3 .00 3#02 3.19 32.80 34.50 66.8 36.7 X1.1 21.4 ?0,r ta*a **** 22#5
2 9 284 3 23 t•G 30o 3.87 g .np AV 3,0o 3.09 3.01 33.70 35.20 67.6 36.4 ?2,9 22 . 1 ?3.2 ?3.6 24.1 23.9
30 29 7 3 21 cY 314n 3.54 ', A 0' AP 9.0 0 3. Oo 3.01 34,3 0 36,10 69.4 36.4 n	 .71 2	 .90 ??. S 2-2.5 ?*5?..- 2214
*Indicates data was not available. EXPR CODE
i 1 = PreflightData code is a condition code for signal processing (See Appendix C). p	 In-flightr_
3 =,Postfligh%:
_	 t
TABLE 4. SUMMARY DATA FOR SKYLAB 3 SCIENTIST PILOT.
L EF T 4Fr, LVMS DATA RIGHT	 LEG LvMS DATA AMBIENT LBNpORUN
JUL. EXPR,nATA B A ND CAL. UAND EAt. L,L, R,L. BODY NODY TEMPERATURE TEMPERATURE
NO. .DATA_ CODE COO P I.D. REO. ' PRE. P OST I,U1 REQ. PRE. POST CIRC CIRC MASS TEMP START END START P1 P4 P5
4 67 1 3 AY 3 9 9n 3.98 _303 AL 3;90 4.17 4.13 35.20 34.90 61.7 36.7 p0.2 2093 29. 9 7.1.6 2196 2198
2 =95 1 3.. AY 3 1 90 3.98 3.A3 -AL 3.90 4 .10 4 .14 34.9 0 35.60 62.1 36.5 90.9 20.8 9 1..2 21.6 9198 222
3 .178 1 1 AP 3,00 ++t+, 9t+ *. 8A 3,10 **++ +++* 34.50 34.30 61.7 36.8 p3.3 2298 23. 9 9t++ ++*+ 24.4
4
193 1 3 AP 3e nn 3.02 3.61 6Y 3,60 3#61 t+++ 3 4900 34,20 61.5 36.5 23.9 22.8 75. 6 25.8 74.7 24.7
S 204 1 8 AP 31on 2. 9 3 3 e ti CY 3; 6 0 3,84 3.08 34.50 34,60 61.9 36.9 75.0 2494 96,8 75.8 p5t6 25i7
f 6 213 2 47 AX 3x70 3.59 3,57 CJ 3.50 3940 3,38 33.30 33.00 59.4 36.8 p793 27.3 28. 9 28.8 p898 2899
7 21 6 2 1 AX 3t 7 0 3.66 31 Q 5 9U 3;50 3 9 36 3.36 33900 33+00 59; 9 4 36.9 p5 9 8 26.1 26. 7 ?5.4 26,9 27,2
8 220- 2 3 AX 3a7n 3.71 3.59 9U J;50 3.57 3933 32970 32940 59.1 36 9 6 9 5.0 25.2 26.1 76.3 p6.6 26,7
9 225 2 1 LS 3e8n **** 3964 AQ 3;20 **** 3.07 3.2.40 32.40 59.1 36.7 13.2 2392 25.0 24,7 p40 2590
10 229 2 78 Ls 3tRO 3.69 3471 AQ 3;20 3 . 12 3,07 3 2940 32910 58.9 **** ? 2 1 9 23.1 24, 4 24.6 2499 2590
12	 '..235 2 1 Cs 31 8 0 3.69 SI A4 AQ 3;20 3905 3907 31.80 31x80 58.6 36.8 23.8 24.3 **** 25.3 9598 2640
1.	 3 237 2 1 US	 ,-3 e A n 3.83 39A1 AQ 3;20 3910 3,17 3100 31960 58.7 36.8 p4.9 2499 26.7 26.7 26,8 2791
3 4 240 2 1 LS 3 9 8 0 3.71 J.62 AQ 3;20 29 9 6 2.86 3 2.00 32.00 58.8 36.9 2 4.1 2492 25.0 2596 25.6 2546
15 243 2 38 d5 3 00 3.71 3 110 AQ 3'.20 3974 3905 3 2.14 31.80 58.6 36.8 p4.8 2591 26, 1 26.1 2697 26x7
E 16.+
q46 2 37 US 3180 . 3,66 3.A6 AQ 3,70 3.00 2.96 32900 31.80 58,8 ***+ 23.2 23.92 24. 4 24.4 p4.4 25.0
4..4
249 2 1 L5 3# 8 0 3`.50 3148 AQ 3;20 3 . 00 3.03 31940'31910 58.3 **** 22.3 22 .4 23.3 23.3 p399 2399
`: 18 253 2 1	 - L$ '31 R 0 3.69 3oA6 AQ 3.20 3 9 36 3903 31980 31+ 6 0 58.1 **** 93.4 23 . 4 23.9 24 9 4 p4t4 2494
9 .^55 2 1
LS.
39 A n 3.71 3,05 AQ 3920- 3	 10 2.99 31.80 31940 5896 +t++ 93.2 2392 93.4 23.9 24.4 24.4
E
20 258 2 1 4$ 3110 396 4 ' 3,64 AQ 3.20 3 x 03 2.98 3 1. 8 0 319 4 0 58.3 **** 72.8 2390 23.3 23.3 2399 2319
21 261 2 1 CS 3sA0 3.78 3 # 7 1 4© 3.20 3,00 3 .00 3 1.40 31.10 58.2 36.7 p3.1 23.2 ?4,4 ?4.4 p494 2444
22 264 2 1 Ls 3#8n +*** 3.71 Au 3 ;20 **** 3 .07 31,40 31910 59.0 37,0 p3.1 2392 23.9 ?3.9 9494 24.4
0 23 966 2 37 US 318n 3.71 3 + 4 6 AQ 3.20 3 9 07 3.07 3 1910 30.80 58.0 36.9 7 .2.9 2299 23. 9 23.9 p494 24.4
4 ;i6 3 3 Lc	 '3260 3.42 3,38 AP 3,00 29 8 1 3 . 03 3 1.10 30,60 58.2 .36.9 p0.7 1999 22.5 ?2.6 22 9 7 2298
t	 a• 259 3 3 UE 3 9 6 0 3.47 3 9 7 0 AP 3;00 29 9 7 3.08 3 1, 9 0 31.30 -58.3 36.5 20.8 22.4 23,1 23.1 2392 23.4
7 26 3 3 1,E 3l6q 3.56 3967 AP 3,00 3916 3.18 31.80 31.40 58.4 36.9 92.7 23 . 0 22. 6 23.0 73.7 24.1
27 ?f1 .3 3 LE 3160 3.37 3,/2 AP 3.00 2995 3r 08 3 2910 31.90 60.0 36.5 p2.8 22.7 19.3 19.9 23.7 23.8
28 273 3- 3 LE 39An 3.35 3.50 AP 3;00 2.97 3403 32910 31990 60.2 36.6 22.2 24.2 23.3 2497
29 =271 3 1 LE 3,60 s 3.56 3,?1 AP 3;00 2. 9 5 3.05 3 2.90 32930 60.3 36.7 23.9 21.4 73.9 24i2 p399 23;7
t 30 284 3` 1 VG 3`00 3.87 4 .n4 AP 3;00 3.04 3.13 33.00 32990-61.1 3 7.0 94.4 24.1 25.6 25+1 p499 25.3
31 297 3 . 1 AP 31on 3.21, 3.n4 e 3.60 3.73 3,62 33.80 33.40 61.8 36.8 ?0.3 20:0 p 1 , 7 21.6 21+6 21.7
* Indicates data was not available. EXPR CODE
c 1 = Preflight




LEFT 6FG LVMS nAT A 	RIGHT LF'G LVMS DATA
RUN ^JUL..EXPR.D'AT4
	 B A ND C A L,	 64NO CAL.
NO , DATA CODE C nOT I .D . REn . . PRE , 10 OST
	
I ,D . Rv G. PRE . POST
1	 .79	 1	 7	 AG	 3e7n	 3.70	 306	 Ri	 3.20	 3
2	 .92	 1	 8	 OF	 3170	 3.28-	 3.15	 AG	 3.70
	
3
3	 178	 1	 1	 OD	 3140	 RE	 3,00
4	 193	 1	 99	 0E	 3e Oa	 2. 86	 3r 03	 CC	 3,00	 3 r
5	 204	 1	 1	 0E	 3100	 2.7 9	2.42	 EC	 3;00	 2P.
6	 21'4	 2	 8	 'AD
	 3e4n	 3,59	 3157	 CV	 3,10
	
3
T	 219	 2	 7	 AD	 31 4 0	 3931	 3 @-36	 CV	 3.10
	
2
9	 224	 2	 7	 0K	 3060	 3. 6 2	 3095	 BU	 3,50	 3
9	 227	 2	 7	 0K	 3e6n	 3.52
	
3 0 45	 9U	 3,50	 3 9
JO	 231	 2,	 1	 UK	 3060	 3.48	 3,43	 8U	 3;50	 3*
11	 234	 2	 1	 UK	 316n	 3.55	 3,62	 BU	 3,50	 3r
N	 12	 237	 2	 78	 OK	 3,6n	 3.57	 3,45	 RU	 3.50	 3
13	 241	 2	 1	 0K	 31 6 0	 3,45	 3,50	 BU	 3;50	 30
1 4	 243	 2	 3	 nK	 3160	 3.57	 3.43	 AU	 3,50	 3
15	 247	 2	 1	 0K	 301	 3 .6 2 	 3150	 8U	 3;50	 3
°	 16	 250	 2	 1	 OK	 3e6n	 3.57	 3 0 36	 eU	 3.50	 3
E	 17	 .25 3
 2	 8	 0K	 306n	 ****	 3,50_	 RU	 3'50
18	 256	 2	 3	 0K	 3e 6 n	 3.50	 3,43	 RU	 3.50	 3f	 19	 259	
2	 1	 nK	 316n	 3. 4 8	 3.4p	 eU	 3,50	 3
20	 262	 2	 8	 OK	 316n	 3..69	 3@38	 BU	 3,50	 3
21	 '2 66	 2	 8	 OK	 3e6n	 3.40	 4a 04	 SU	 3;50	 3
l2	 268,	 3	 8	 08	 313n	 3.16	 S o ;)7	 8C	 3.60	 3
23	 26 9 	3	 1	 VC	 3060	 3.30	 3.64	 R8	 3;30	 3
24	 270
	
3'	 1	 0R	 3t3n	 3.04 	3034	 RC	 3,60	 3
25	 272	 3	 1	 0p	 31 In	 2. 9 0	 3.34	 9G	 3; 6 0	 3




	 3	 8	 OR	 3var1	 2.97	 3o -Ai	 HC	 3,60	 3
28	 284	 3	 8	 00	 3140	 3.21	 3,ti5	 8U	 3.30	 3
?9	 29?	 3	 8	 0D	 31 4 n	 3. 4 0 	2j75	 R 	 3, 00	 2`
* Indicates data was not available.

































































































L,L. R.L, BOAY MODY TEMPERATURE	 TEMPERATURE
CIRC CIRC MASS TEMP START END	 START P1
	 P4	 P5
39.40 4 0.30 89.8 36.4
4 0,00 41.00 89.5 36.1
3 9.10 39,50 87,9 36.6
38930 39940 87.1 36.3
39.00 39090 87.7 36.5
97.50 38940 85.7 ****
9 7 020 37.80 85.8 36,5
36.80 37.50 85.9 36.7
36080 37,80 86.G 36.6
36.8p 37.50 85.8 36.8
36.50 37.50 85.7 39,4
36.50 37.50 85.6 ****
36.40 37.20 85.7 36.8
36.20 3 7 .20 85.7 ****
35.90 36.80 85.6 36.8
36 ,00 37.00 85.9 ****
35.90 36.80 85.7 36.8
35.90 36.50 8507 36*6
35.90 360 8 0 85.3 37.2
35.90 36950 85.7 35.9
35060 36.50 85.1 36.9
36.10 37,10 84.1 36.4
35.50 36,70 84.1 36.7
36. on 37 ,10 84.6 36,7
38.4>n 38,50 87. 1 36.9
38 * 40 3 8 .20 87.0 36,8
38.1n 38.80 66,7 36.4
38.30 39-60 88.7 36,4










24. 4 24.4 74,4 24.4
?S. n 25.0 25.0 24.9
25.6 25.6 25.6 25.6
27.8 ?7.9 28,2 28,3
26.7 23.4 26.8 26.9
25.^ 25.0 2592 25,6
23. 9 24.4 24@9 2510
24,4 25.0 25.3 25.6
?.5.n 25.6 2508 2599
25,6 26,0 261 1 26.2
?5.n 25.0 25.6 25,6
24. 4 24.4 24,4 25.0
24. 4 24.4 24.4 2590
23, 9 ?3,9 24.4 24.4
73.3 23.3 2309 23.9
?3* 3 23.9 2404 24.4
24. A ?5.0 p5,6 25.6
23. 9 23.9 ?3.9 24.4
23.3 23.3 23.9 23.9
22.3 22,1 p1.7 21.9
23. 4	23.6 23oB 24,1
23.5 23.6 23.7 23.9
?5.2 25.5 2506 25.T
25.n **** **** ****
?4. 4 24.p ?3.7 23.7
25. 7	?5.5 ?4.2 24,1


















KRIM I_	 2 3 4




FIGURE 12. PLOT OF UNPROCESSED DATA.






















PER1W S	 2	 5
nil	 2 W	 5.00	 7.50	 10.	 12.50	 15.08	 17.50	 20.00	 22:50	 25.1
TIME-MINUTES

















































PERIOD 1 2 9 4 5














































































































NO. DATE CONTROL .8 +16 930 940 150 RECOVERY
1 80 298039893 363, 19 139? 421.59888 599019897 903.19800 1203.99683 1499,19580
2 113 299.19995 358.39893 416,f9883 794,39893 895,19800 1197.596 9 2 1498.39600
3 150 299.19897 358.39893 4t6079883 601159688 904.79785 1201.5 9 6 9 2 1449.19580
4 1113 299.19995 358,39990 419,19999 599,19995 899.19995 1199.19995 1499.19999
5 193 300.00000 360,00000 420.0000n bo0,00000 900:00000 1200.oOOUO 1499.19995
6 204 300*00000 360.00000 420,79989 600,oU000 896,00000 1200.00000 1499.19995
T 214 298.39990 357e60083 440e800PA 597;60083 688.79980 0.50000* 998.40088
8 119 298.39990 3b 1, 60.083 417/60083 596;00098 899.15088 1195.15068 1498,30078
9 224 298,40088 356,800P8 416,00000. 599,19995 895,19995 1196.00000 1268.00000
10 228 298.39893 385.59965 434,39891 600;00000 896,79980 1088.79980 1499,19897
11 132 255,62500 356,02490 403,22489 586;42480 88 5.62500 1184.82495 1482.42480
12 235 29894008n 353.60083 448080079 592;75000 8 9 1,15088 1191.1508 8 1401.15088
13 239 298037378 363e94999 418034985 795494897 895,12500 1198.323 9 7 1498.3?397
1.4 242 298040088 357,60083 416,79980 596079980 8 9 6.79980 1200.799 8 0 1499.20093
15 244 298039990 356,79885 416,79883 b00,79980 8 9 9.19995 119795 9 888 1499,19995
16 248 291187500 374e37500 433,57498 615;97388 915.97388 1216.7739 3 1499.17480
17 251 298t4008H 363,20093 415@19995 59200078 891,20093 1196,79980 1492,80078
t8 254 297#59888 357,59880 420500000 596,00000 895.19995 1068.79980 1499.19995
19 257 .298.39990 357,600 8 5 419eI999S 599;14995 898,39990 1198.399 9 0 1499.19995
20 260 298,39990 356,00000 416.7998n 597059985 896.00000 1197,59985 1499,19995
21 263 297.59988 364e000U0 417,59909 597759985 900000000 1199.19995 1499,19995
22 266 298/39990 355.198 9 P 435,19897 594739893 892.79980 1196.799 8 0 1407.59985
23 268 249.19995 360,00000 420,00000 6 00,00000 9 00.00000 1199.19995 1499,19995
29 269 299,19995 360.00000 41 9 ,1 999 9 599;19995 896,79980 1199.19995 1499,19995
25 270 299.19995 360,00000 41 9 ,1 99 91 599,199955 899PI9995 1199,1 9 9 9 5 1499.19995
26 272 279.19995 359.19995 419119899 599	 19995 899,19995 1199.19 995 1498.39990
27 273 299919999 35Oe000ou 41 9 0 999 8 599,19995 900.00000 1199,19995 1409.19995
28 277 2990 19 9 9 3r " Q ,i g 995 419i19995 599,19995 899,19995 1199,199 9 5 1499.19995
29 284 299019995 3..5.9995 472,3999n 599;19995 899,19995 1198,399 9 0 1408,39990
30 Z97 300°79980 3`i6,7998o 411.59985 596,79980 89 6e00000 1196.00000 1496.00000




	 ELAPSEC TIME (SECONDS) TO END OF PERIOD
(EDP) FOR SKYLAB 3 SCIENTIST PILOT.
RUN JUL,
NO. UATE CONTROL .8 •16 +30
-40 4510 RFCOVERY
1 67 299.19897 364,79803 422.39893 603919boo 899.19678 1202.3 9 6 9 7 1489.19580
2 9!1 298.39897 359,19897 417,59888 599;99780 896.79688 1202.39 600 1499.19482
3 178 299919999- 360e00000 420.00006 600900000 9QO.Oonoo 1197.59985 1499,19995
4 193 299•1Q995 360.00000 420,00000 6 0 4 ;79 9 80 899919995 1199.19995 141.2,00000
5 204 299.19995 359.19995 419.19995 599;19995 899919995 1199.19995 1499.19995
6 213 298.39893 356.00000 416.79803 554;00000 641.59985 0.501000* 949,59888
7 216 299.19995 3639198V7 419.19995 D96777393 895.92480 11 9 9.0 9 8 8 8 1499.07495
15 220 2999199910 357.59886 418.3999,1 594^39990 895.99878 1194.399 9 0 1495.99878
9
.225 298939693 357.57495 416,77490 596;74878 896.72485 1198.2998( 1495.89893
10 229 298.39893 358#39893 420875000 S99i14990 895.92480 11 9 9.09 8 88 1494.09888
12 235 298x40080 358.40088 416,00098 596;00098 896.00098 1199.2009 3 1499,20093
13 237 298.39893 371x19897 416,7999n b96i00000 895919995 1197.59888 1448.39893
14, 290 300.00000 339._19897 389,59985 569,59985' 873.59965 1173,59985 1474.39990
15 243 298.40085 362.40008 419,199.15 594;40088 896.00098 1197.60083 1498,40088
w	 16
'N 245 298.40080 364,00000 416,00098 601;60083 896980078 1197.60083 1996.00098
if 249 298.40080 359120093 478,40089 598;40088 898.34985 1197.54980 1499.09965
18 253 299+19999 360.774Vp 418,37378 b02,37500 895922485 1198.399 9 0 1496.77490
19 255 298.39893 373059985 420.00000 59759888 895.92980 1199,12378 1499.12378
20 258 298939990 357.60083 421.6009 602140088 898039990 1200.8007 $ 1499,19995
t	 21 261 298.39990 359.19993 418..99999 598.39990 900.00000 1200.00000 1499.19.995
22 264 2-78.39990 355.99876 415.998Pg 592/-00000 895.19897 1197.59985 1498,39990
23 266 298.39893 356.A000o. ,117159884 796;79883 898.39893 1197.59888 14QO.39893
i
'24 268 299419995 362,39990 422,3999n 6()2,39990 896.79980 1202,399 9 0 1499.19995t
25 269 299.19993 360o00000 420.00000 6 00;00000 9 00#00000 1198.39990 1499.19995
26 27o 299!19999 360.00000 a230 9 995 6 001, 00000 9 00.00000 1199.19995 1499.19995
27 272 2994_19999 360.00000 420.00000 599,19995 900900000 1199.19995 1499.19995
2 8 273 299.!999'3 359.19999 419,19995 599}19995 900.00000 1198,39990 1498.39990
29 277 299.19995 360.00000 420,7998h boot 00000 900900000 1199.199 9 5 1499.19995
30 284 299119995 759,19995 419.19998 599:19995 899.19995 1197.599 8 5 1496,79980
31 297 299019995 360,00000 420,00000 6 00,00000 9 00.00000 1200.00000 14Q9.19995
A value of .5 indicates that no data was collected for the indicated phase of the experiment.
N0. UATE CONTROL" .8 016 -30 -40
-50 RECOVERY
1 79 300.00000 360.79980 428.7998,E bn1.59688 905.59790 1204,,7 9 688 1499.19580
2 92 299999876 357.59888 420,19883 599	 19800 895,19800 1200,7 9 6 88 1489.59595
3 178 299.19995 354,39990 414,3999 0 594.39990 8 9 5,19995 1194;39990 1404,39990
4 193 299,19995 36p,00000 414,19995 600.00000 780.00000 6!.50000* 0+50000 *
5 1 204 299.19995 354.19495 419.19995 599:19995 9 00,00000 12/J3.1 9 9 9 5 1499.19995
6 -114 298039893 353+59888 413,59880 598739893 896.79980 1193.52:3 9 3 1405.12500
7 219 2'99.400814 352.7998o 412,0009q 5 86740088 891.92578 1189.50098 1481,5nO98
-8 224 298.398y3 392,7988' 43(,59888 5 84/00000 885.59888 1184,19883 1485.59886
4 227 297°57593 386,35083 421,5507a 598,32593 897,5 5882 1 97.525881 1497.47500
10 231 298+39990' 352,000OU 415,998Tg 592,79980 894.39990 1192.7 9 9 8 0 1494.39990
11 234 298.37375 358,37378 419`1738.3 59832397 899,09985 1196.69995 1491.89990
12 237 297-57397 343.1748Q 399e17383 579.-17383 875,97485 1183.023 9 3 1483.875Qp
13 241 298,3999Q 360,000UO 436,7998n 597,60083 896.80078 1196.8007 8 1497,60083
14 243 297059969 384,79863 424.00000 b01e59888 897,59985 1203.1 9 9 9 5 1.4g2.00000
w	 15
w
247 298-39990 353,5A 96 0 414,34881 595-92480 89 1,12378 1195.09985 1495,899 9 0
16 250 297.59885 358,39990 416,79893 597,'5988$ 898,32495 1199.12500 1499.12500
17 253 297'.339888 356,7998Q 417,598138 597;59888 8 9 7.59888 1 1 99 .-1 9897 1499.19897
1 8 256 298040088 370.40088 419{1999$ 547 /60083 9 00.7 9 980 1201. 6 0083 1499.19995
1 9 259 298,39990 350.799 6 0 419.19995 598,39990 900 . 00000 1199.19995 1499.19995
2'0' 262 298,39893 351019995 416,O90nn 591,99878 894.39990 1196.00000 1496.79883
21 266 097.60083 348.000Uo 412,F9580 597!52588 895.12500 - 1193.5249 0 1493.52490
22 266 299019995 359,19911h 419.1999q 599.19995 900900000 1198,39990 1498.39990
23 269 299•19995 359019995 420.00000 599,19995 900+00000 1199.19995 140,19995
2 4 270 299.19995 359,19995 419,19995 599;19995 899,19995 1198.39990 1439.20000
25 272 3U0.00OOU 360.00000 420/00000 b01959985 900.00000 1200.00000 1489,19995
26 273 300-00000 359.19995 420,00004 599;1.9995 900x00000 1199. 41 9995 1499.19995
27 277, 299.19995- 360.000tlU 420,000on b01,59985 900.00000 1199.19995 1499.19995
2 8 284 298,399gu 359,19995 419i1999g 599.19995 899.19995 1199.19995 1498039990
29 297 299.1999'5 360r0O000 420.O000p 600900000 900.00000 1199.19995 1499.10995
A value of .5 indicates that no data was collected for the indicated phase of the experiment_
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FIGURE 20. FREQUENCY OF USE FOR PLETHYSMOGRAPH FOR SKYLAB 3 MISSION.
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The magnitude of the volume change at the calf in response to LBNP is




period (EOP) percent leg volume change (PLVC) at each level of negative
pressure for each experiment of the mission. These individual PLVC data
are plotted by run number in Figures 21 to 23. The EOP percentage change
in calf volume was computed by averaging the last ten data samples in each
portion of the negative pressure protocol (con, -8, -16, -30, -40, -50 and
REC). All data were previously normalized so that control period EOP 	 a
values were zero and all other EOP values are expressed relative to the
control period EOP. The discontinuous portion of the EOP PLVC graphs
indicate test days when ether the subject did not totally complete that
s, portion of the protocol or the data could not be processed correctly.
The graphic presentation of the EOP PLVC data as plotted by run number
indicates the nature of the volume variation occurring on the limited num-
ber of preflight experiments. The preflight variation which was similar
for all three crcwmembers presumably represents primarily the biological
variation between runs and reflects the conditions of body weight, water
E	 e
balance, preflight stress but must also reflect some small variation
due to the leg volume measuring system and the techniques utilized. The
preflight EOP PLVC data also indicates the large quantitative differences
between the crewmembers' volume responses to LBNP. The commander responded
with an average 2.8% vo?ume change at the -50 mm Hg level while the
scientist pilot averaged 51 .7°° and the pilot averaged an intermediate 3.7%
volume change.
In contrast to the Skylab 2 mission, the greater (-50 mm Hg) levels
it
of the negative pressure profile were used on all crewmembers for the
M092 in-flight experiments. The EOP PLVC data demonstrate an increase
at the time of the first LBNP test in zero gravity.	 The response to
in-flight LBNP experiments as shown in Figures 21 to 23 resulted in







TABLE 9. END OF PERIOD (EDP) VALUES OF PERCENTAGE CHANGE IN CALF
VOLUME BY LEVEL OF NEGATIVE PRESSURE FOR THE COMMANDER.
PUN I)AY cnnE DATA cmm .8 16 -3n 04; Ee
a0 t PLVC 0''0.n 0. 3a 0.91 1;8m 2.37 2.96 0;91
? 113 1 PLVC 0.n0 0.00 0027 1.09 1.5T 2.1n 0. ns
1 5 0 ] PLVG 0.n0 0.00 0.53 1.4n 2.40 3.40 1016
a 178 j pL'JC
_< 0 .10 0905 0944 1.35 201i 2095 0.54
W. !O3 1 PLVA
-0. n0 °0.0? 0.50 1.20 1.9} 2.77 p;1R
6 ?n4 1 PtvC 0.,;0 0.2o 001 1,33 1,9 2,68
7 ?1Q 2 PLVC 0.;0 0.19 0963 0981 0.8p# ls+
-0.69
P ,219_. ?_ P1 VC	 ..-x_.20_:	 _:.._.9:!8 ?_ 1918 1.85 2,315 3099# 1001#
9 ?1)4 ? PI,Ve O; AO 0.24 0069 1'044 2.05 2.94 0.6n#
to 218 2 PL V6
-- 0; AO 0.52 1. 00 1.99 2.84 3.36 # 0.01 
t1 292 2 PLVC --O;AO 0.76 1.27 2.75 3.37 4.36 0.4^
'	 t? w_?15 _.	 2 PLVC -0. 0_.._w-
0.10
^^w_ 131 2.15 2:..91 3.97. 0.41
?a 9 ? PLVC 0.59 19 l ei 1.95 2.8s 3497 0;50
w	 14
ai
pe2 7 PI V0
_ 0; A 0 0r73 1.43 2.43 30' 4.42 •p. iP
	
e
i	 15 2a4 ? PLVC --0. AO 0.54 1.07 1.98 2.84 3962
.16
-- 2p8-^ s 2	
-
- -PIY^-
- 0-- _. _9sa2 _ - _ 0.89 . _	 B^ 6i	 __ 30?- •O,Sa
1 7 ?51 ? PLVC O.AO 0.92 1,39 2449 3.16 3.94 O.tR
1 8 954 2 PLVC o.;0' 0.62 2400 3.04 3.84 44.1	 # .p. a6
1q ?57 ? PI-VC 0.n0 °0016# 0.24# 1,49# 2.2A# 3.14# 0. n6#
20 ?IS,O .. 2._... P.LVC__-_ 0',n4--- 
__.
-0 62 1.08 2.30 3.Oe _306 0.19
21 ?63 7 PLVI 0.n0 0.72 1.2s 2912 3007• 3.7.8 -0.413
2? ;PA6 ? PLVC O.Ao 0.73 192? 1094 2r.6q 3.67 p.79
?9 ?A8 3 PLVI - 0n0 0.42 1200 2,06 2.9i 3.82 0.39
?a 769....__._ 3	 _ PL1CC' 0
-02, QB OR45 0,93__ 1,5; _ 2017 -0.53
25 ?T0 3 PLVC O;nO' 0901 0.43 1.8, 2.69 3.67 •p.35	
a
26 ?72 3 PIVC O;AO 0.38 t.3`7 2.59 402*7 5.7n 1.TA
?7 773 3 PLV? 0 A0 o.34 161? 1.94' 2.4s 3.03 °001
?R 277 3 PLVC. O.AO .0. 06 0:73 1.57 2.76 3190 -o.t6
? R4 3 PLVC o; ;0 -0404 0.9n 2.01 3.2n 4.06 0.0
3p ?07 3 PLVC 0.%,0 0902 0.77 2.0R 3r1q 4.13 0; ii,
k Indicates data was not available or could not be calculated.








TABLE 10. END OF PERIOD (EDP) VALUES OF PERCENTAGE CHANGE IN CALF
VOLUME BY LEVEL OF NEGATIVE PRESSURE FOR THE SCIENTIST PILOT.
NUN MAY CnAE DATA CM '8 X16 -3n '4; -5n DES
1 zf i PI VC O;nO 0.02 1,13 2.57 3.84 4,43 0.43
7 115 1 PLVC O.nO 0906 0.501 2943 3x37 4.24 O.Og
O
3 178 1 Pi VC O.nO 0012 1.23 2.5R 398p 5632 0.47
^y n 103 1 PLVC O,nO 0004 1606 2953 3.Sp 4072
e; 304 1 PLVC O.i3O 0611 IOTA 3919 4.07 4696 -
 
0. 3 3qq 6 71 3 2 PLVC Q.nO 1.02 2.38 3.111 4e094 set. 0621
7 216 7 PLVC O;nO 0070 1.31 3.33 4.27 5045 i.2n
a' ??0 2 PLVC O.nO 1009 1,83 3,86 5003 6.65 -0;77#
2?T^ 7 PLVC O.n^ _ - 09	 3 2107 3.87 SrSN 1FO04 0.71
If) ?29 2 PLVP, O.n0 1.07 2.31 3,67 4,81- 6.25 1.40
1 2 735 2 PLVC 0.no o.38 0699 2.23 3.40 4980 p:10
13 737 2 PLVC O. Ao -0,76 1053 2.8? 4.10 5038 p.^a
--P1VLr - 0- A0 0'5A
_114 7 Pr-.44`- - -3:4 - 7^.37f -0._'.11
1 5 7113 2 PLVC o.;0 1.48# 2.58# 4074# 6.3yr 7+67# 1.47 #
16 7116 7 PLVC O:nO 0.60 0.96# 2.56 3.5; 4963 1.35
17 249 2 PLVC O.no 0969 1687 3.01 4635 5.25 p.4 F1R _ _ X53 - __.._.2. -__ PTV
-dF.^O- -- ...__0.	 __ a-96	 - - l^q 3:3^. 49-5'7	 __ 0.61
. tg- 955 ? PLVr _ o:no 0489 1.53 2;81 3.54 4.53 0956
21 ?58 2 PLVO 0.^0 0634 0070 1.P'1 2.7q 3.96 -0.40
21 ?/1 2 PLVC
_
O;nO 0.91 1042 2.71 3e8r, 5.111 0;71
0e4 5 1.11- 2.Q7i.__ 2g.. 3s89- rp:36
23 266 2 PLVC _ O.nO 0.94 1 . 78 3.41 4 . 3p 4985 0,111
2a 768 3 PLVC -O;,nO "0922 0963 ?.3m 3.63 4082 x, 4-4
25 _ ?119 3 PLVC O.no °0.06 tell 2.81 4.1e 5635 Q.tn	 i26._
0 3 PLVO 0'.^0	
9999
ool6- 1903 2988 4e4; 5676 0.36	 i
2 7 772 3 PLVC 0..0 0002 1.33 3.36 5.29 7458- 1.3A
28 ?73 3 PI.VP O.no 0.03 0695 2646 3.90 5.1a t.2a
2 9 777 3 PIVC 0.n0 °0006 OP68 2,6a 3.7T 5.-02
30 ?64 3 PI VO O;nO "0.16 161!1 2.61 318i 4086
31 747 3 PLVC 0.;o 0e05 0.75 2690 4.3p 5.33 ^p.15	 it
* Indicates data was not available or could not be calculated.




































TABLE 11:. END OF PERIOD (EDP) VALUES OF PERCENTAGE CHANGE IN CALF
VOLUME BY LEVEL OF NEGATIVE PRESSURE FOR THE•PILOT.
PUN DAY CnnF DeTA Cnxj .8
.16 -3n -4A
1 79 1 PLVC O
-0,03
-0,06 0;90 2,25
92 1 PLVC 0.^C '0410 0.16 1.1? 2.45
3 1^8 1 PIVC 0.A0 0._04 0949 1.66 2.7^
4 143 1 pt VC 0.n6 °O.flS Oa 39 1.59 2.20
5 2^4 1 PLV9 0:;6 o.07 0.65 210^'1 3.0R6
214 ? PLVC O.nO 0144 1114 1.95 2.95F.	 7 919 2 PLVR 0";0 0153 1003 2.35 3.4A




-PLW ___6 6. OCZ9 1.33 2.77 3.6q
10 231 2 PLVC 0	 0 ?r.38 1.83 2.78 3197
11 7:4 2 PLVC 0;A0 1.15 1.85 2;94 301
12 937 2" PLVC O.Ao 0492 1174 '
.3.03 4.19
w	 14 243 2 PLV6 O;AO 0.41# 0155 # 1;88# 3.17 #
1`5 247 2 PLVC 0:A0 1103 1.97 3.01 4.06
16 250 2 PLVP O;AO 0.99 114R 2.76 3.70
7 253	 - 2 PCV^`d`^0 1.57_ 2474.	 .___-.._4609
l fl 955 7 PLVC O;AO 0498 1.61 2967 3.8-
}9 259 ? PLVC 0.;0 1915 1194 2198 413k
2d 7A2 2 PLVC 0.;0 0.95 1971 2.74 3.8e
2. ?66" 2 PLVC 0.89 1.054. 2.55 3;8
2? 9S8 3 PL VC 0,n0 0.13 0.77 '2.04 2.9j
21 969 3 PLVC O;AO 0.30 0198 2.37 3.55
2 4 27'3 3 PLVC 0.A0 0919 0.82 2.24 3130
- 7 4 ,17-7	 ..._ _ 1
'PLVC 1D: .'n0_- 0923 0.90 2.24 3.67..26 973 3 PIVC 0 ;;0 0.25 0.78 1,94 3.1n
77 277. 3 PLVC 0.n0 °0905 Orb? 2.04 2.9
2R 2A4 3 - PLVC O;AO -0.OR 0072 2.30; 3.7A
2 0 90, 3 PI.VO 0.A0 '0905 0a39 1.46 2.2i
* Indicates data was not available or could not be calculated.
Indicates data v?as not used for statistical analysis.
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FIGURE 22. GRAPH OF END OF PERIOD (EDP) CALF VOLUME CHANGES AT EACH LEVEL OF NEGATIVE PRESSURE FOR EACH INDIVIDUAL EXPERIMENT.
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FIGURE B. GRAPH OF END OF PERIOD (EDP) CALF VOLUME 'CHANGES AT EACH LEVEL OF NEGATIVE PRESSURE FOR EACH INDIVIDUAL EXPERIMENT.
f	 }
commander and pilot but considerably less dramatic changes for scientist
I	 pilot. In all crewmembers, the initial in-flight M092 experiments resulted
in large increases of leg volume in response to the -8 and -16 mm Hg level
of negative pressure. While the increased in-flight values were widely
fluctuating among the three crewmembers during the initial in- flight tests,
there did appear to be a stabilization around a higher leg volume response
during subsequent in-flight LBNP tests. The large daily variations mask
any long term trends if present.
Linear regression of the in- flight -50 mm Hg data indicates a variable,
trend for the three crewmembers. The commander's data showed no trend and
no correlation with time in zero gravity. The scientist pilot data
indicated a low and insignificant correlation (-.74) with a slope of
t	 -0.042 PLVC per day while the pilot's data also indicated a low and
insignificant correlation (.61) and a positive slope of 0.027 PLVC per day.
The postflight data demonstrate an immediate return to near preflight
values particularly for EOP values at the early levels of negative pres-
sure ( -8 and -16 mm Hg). Both the commander and scientist pilot seemed
to undergo a "rebound" effect with much variation in leg volume response
The average postflight data at the -30, -40 and -50 mm Hg levels tended
to exceed preflight values and was approximately equal to the volume
changes obtained in- flight..
Table 12 coAains the average EOP calf volume changes induced by the
various levels of negative pressure for the preflight, in-flight and post-
flight test periods. The histograms of Figures 24 to 26 indicate the
average percentage change in calf volume for all levels of negative pres-
sure for all mission phases. Comparison of these data indicate that the
average in-flight EOP PLVC (excluding_ the recovery period) was always-
4
greater than the average preflight change and in most cases was signifi-
cantl_y higher than the preflight at all levels of negative pressure for
t,	
d	 dthe comma" er all p11ot. Only the volume response at the -8 and -1.6 mm Fig
xi	 1`evels of negative pressure were significantly higher for the scientist









Percentage Change in Leg Volume, + S.	 D.
of Runs at Indicated Levels of Pressure
-8	 -16	 -30
	 -40	 -50 REC
.1Q .56 1.37 2.06 2.81 .26
CDR Preflight +	 .14 .22 .25 .35 .43 .62
6 6 6 6 6 6
.61* 1.17* 2.07* 2.94* 3.83* .10
CDR In-flight + .20 .33 .53 .44 .41 .44
T5 15 15 14 11 13
.14# .85# 1.92* 2.88* 3.81* .20
CDR Postflight +	 .20 .32 .50 .78 1.00 .77
8 8 8 8 8 8
.07 1.03 2.65 3.74 4.73 .21
SPT Preflight + .04 .26 .30 .26 .43 .28
5 5 5 5 5 5
.74* 1.55* 2.89 3.95 5.13 .52
SPT In-flight +	 .25 .50 .65 .80 .91 .52
16 15 16 15 15 15
-	 .03# .95# 2.76 4.16 5.48 .54
SPT Postflight +	 .12 .24 .33 .51 .90 .57
8 8 8 8 8 8
-	 .01 .33 1.45 2.62 3.70 .86
PLT Preflight + .07 .28 .44 .35 .32 .22
5 5 5 4 4 4
.93* 1.59* 2.67* 3.79* 5.07* .58
PLT In-flight + .24 .32 .39 .48 .73 .53
T5 15 15 15 15 15
.12# .75* 2.09* 3,19# 4.26# .84
PLT Postflight +	 .15 .18# .30# .49 .62 .64
8 _8 8 8 8 8
i
TABLE 12. SUMMARY OF EOP PLVC INDUCED BY LEVELS
OF LOWER BODY NEGATIVE PRESSURE.
1
z	 * Indicates significant difference (P<.05) from preflight_.
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FIGURE 24. HISTOGRAMS SHOWING AVERAGE (+ 1S.O.) PERCENTAGE CHANGE IN
CALF VOLUME FOR ALL LEVELS OF NEGATIVE PRESSURE.












—6 -16 —30 —40 —50 R	 —8 —16 —30 —40 —50 R
PREFLIGHT
	 IN-FLIGHT
FIGURE 25. HISTOGRAMS SHOWING AVERAGE (+LS.D.) PERCENTAGE CHANGE
IN CALF VOLUME FOR ALL LEVELS OF NEGATIVE PRESSURE.
* Indicates significant differences (P<0.05) from preflight.
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PREFLIGHT	 IN-FLIGHT
FIGURE 26. HISTOGRAMS SHOWING AVERAGE (+ 1S.D.) PERCENTAGE CHANGE
IN CALF VOLUME FOR ALL LEVELS OF NEGATIVE PRESSURE.
Indicates significant differences (P<0.05) from preflight.
4 -16 —30 —40 —50 R
POSTFLIGHT
Postflight averages of EOP PLVC tended to be greater, than preflight
averages and less than in-flight averages. In general, the variation in
the in-flight and postflight data was noticeably greater than in the pre-
flight data. This illustrates the slightly unstable adaptation response
going into zero gravity and again after reentry. Even though postflight
averages were usually higher than the preflight values, the in-flight
averages were still significantly higher at the -8 and -16 mm Hg levels
for the commander and scientist pilot and at all levels for the pilot.
The realization of the relative increase in LBNP induced calf volume
is emphasized more dramatically by the compilation of the ratio of in-
flight volume changes compared to preflight values as shown in Table 13.
These data illustrate where the in-flight volume changes are occurring
relative to the levels of the LBNP protocol used. There was a thirty-six
fold average increase in volume change at the -8 mm Hg level of negative
pressure which decreased to 1.3 fold at the -40 and -50 mm Hg levels. The
tremendous increase in the ratio at the -8 mm Hg level was primarily the
result of the large change observed in the pilot's response although the
average of the commander's and scientist pilot's data was still an impres-
sive 8 fold increase. The individual and average data is graphically
}	 displayed in Figure 27. The fact that such huge percentage increases in
calf volume were observed at 8 mm Hg negative pressure supports the theory
that the leg veins in weightlessness prior to application of negative
pressure were considerably more empty than they were prior to the pre-
flight 1G LBNP tests. While the in-flight data demonstrate a 36 fold
volume increase at the -8 mm Hg level, this actually represents a volume
shift of 0.7% increase in calf volume over the preflight values. The fact
that the preflight -8 mm Hg LBNP response was very small makes the 0.7%
increase appear overwhelming. The average magnitude increase over the
preflight values for each level of negative pressure is tabulated in
Table 14. Since computation of a ratio or percentage difference compari-
son of the in-flight to preflight leg volume response is misleading due
to the fact that the -8 mm Ng PLVC preflight data is closeto zero, the
47
TABLE 13. RATIO OF IN-FLIGHT AND POSTFLIGHT VOLUME
CHANGE IN COMPARISON TO PREFLIGHT VALUE.
SUBJECT EXPR
PHASE
Ratio of Average Calf Volume Change In-flight
and Postflight Compared to Average Preflight
Changes at Indicated Levels of Pressure
-8	 -16	 -30	 -40	 -50	 REC
CDR In-flight 6.1 2.1 1.5 1.4 1.4	 0.4
CDR Postflight 1.4 1.5 1.4 1.4 1.4	 0.8
SPT In-flight 10.6 1.5 1.1 1.1 1.1	 2.5
SPT Postflight -1.4 0.9 1.0 1.1 1.2	 2.6
PLT In-flight 93.0 4.8 1.8 1.4 1.4	 0.6
PLT Postflight 13.0- 2.3 1.4 1.2 1.2	 1.0
GROUP In-flight 36.5 2.8 1.5 1.3 1.3	 1.2
MEAN Postflight 4.3 1.6 1.3 1.2 1.3	 1.5
48
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FIGURE 27.	 RATIO OF AVERAGE CALF VOLUME CHANGE (IN-'FLIGHT/
F
PREFLIGHT) AT EACH LEVEL OF NEGATIVE PRESSURE.
RTABLE 14. COMPARISON OF MAGNITUDE DIFFERENCE
BETWEEN AVERAGE PREFLIGHT AND IN-FLIGHT
VOLUME CHANGES INDUCED BY ,LBNP.
SUBJECT
Difference in Average Calf Volume Change
to Preflight Volume at Indicated Levels
In-flight Compared,
of Pressure
-8 -16 -30 -40 -50 REC
CDR .51 .61 .70 .88 1.02 -.16
(49.5)* (10.8)' (10.8) (18.3) (10.8)
SPT .67 .52 .24 .21 .40 .31
(167.5) (-37.5) (-70.0) (-7.5) (47.5)
PLT .94 1.26 1.22 1.17 1.37 -.28 
(68.6) (23.4) (-2.9) (-3.6) (14.6)
GROUP .71 .80 .72 .75 .93 -.04
MEAN (76.4) (9.7) (-8..6) (3.2) (19.4)
magnitude difference tabulated in Table 14 allows an accurate comparison
of volumes at , the initial levels of negative pressure. These data and the
graphic display of Figure 28 illustrate that approximately 75% of the
increased volume change observed in Skylab 3 astronauts occurred during the
-8-mm Hg level of negative pressure. The average change for the other
levels of negative pressure was slightly increased for the -16, -40 and
-50 mm Hg levels and slightly decreased for the -30 mm Hg level.
The EOP PLVC data can be summarized in a slightly different manner
to emphasize the fact that most of the in-flight increase in COP PLVC
was due to the volume response at the -8 mm Hg pressure level. The data
tabulated in Table 15 represents the average EOP PLVC delta or difference
between succeeding phases or levels of the negative pressure profile
for all mission phases. This data illustrates that the delta for eachz.
Numbers within parentheses indicate percentage of magnitude.differen(e
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FIGURE 28.	 DIFFERENCE IN PLVC BETWEEN AVERAGE PREFLIGHT AND IN-FLIGHT CALF
VOLUME CHANGE AT EACH LEVEL OF NEGATIVE PRESSURE.
I
TABLE 15. SUMMARY OF AVERAGE DIFFERENCE
(DELTA) BETWEEN EOP PLVC VALUES.
it * Indi cates significant difference (P<.05) from preflight.
# Indicates significant difference (P<.05) from in-flight.
52
EXPR
Average PLVC Difference (Delta) Between EOP
at Various Levels of Negative Pressure
PLVC
0	 -8	 -16	 -30	
-40 -50
SUBJECT
PHASE TO TO TO TO TO TO
-8 -16 -30 -40 -50 REC
CDR Preflight .10 .46 .81 .69 .75 2.56
+.14 .11 -.11 .22 .13 .47
6 6 6 6 6 6
CDR In-flight .61* -.56 .90 .78 .92* 3.78*
+.20 .24 .29 .14 .13 .48
16 15 15 14 11 10
CDR Postflight .14# .70* 1.07 .96 .93 3.61
+.20 .23 .34 .39 .27 .49
8 8 8" 8 8 8
SPT Preflight .07 .96 1.62 1.08 1.00 4.53
+.04 .25 .30 ,.22 .32 .43
5 5 5 5 5 5
SPT In-flight .74* .81 1.36 1.10 1.18 4.48
+.25 .30 .35 .26 .26 .74
16 15 15 15 15 14
SPT Postflight -.03# .98 1.81# 1.40* 1.32 4.94
+.12 .24 .26- .23# .44 .80
8 8 8 8 8 8
PLT Preflight -.01 .34 1.13 1.20 1.09 2.04
+.07 .24 .17 . 17 .40' .27
5 5 5 4 4 4
PLT In-flight .93* .66* 1.08 1.12 1.28 4.49*
.24' .18 .19 -.14 .29 .71
15
1,5
15 15 15 15
-PLT Postflight .12# .64* 1.34# 1_.10 1.07 3.42#
.15
.11 .17 .22 .22 .75
8 8 8 8 8 8
^L
level of negative pressure obtained on an individual crewmember is fairly
i constant for preflight,	 in-flight and postflight for all 	 levels of nega-
tive pressure except for the -8 mm Hg level and the recovery data.
	 The
significance of using the delta analysis is that each change in leg volume
in response to a change in negative pressure is independently considered
rather than being considered as the cumulative change in leg volume
	 up
C to that particular part of the LBNP profile.	 The in-flight increase at
-8 mm Hg for all crewmembers is very evident for all crewmembers as shown
	
i
. in Table 15 and also in the graphical 	 display of the deltas 	 (Figure 29) .
The use of the delta technique also affects the statistical analysis
	
j
of EOP PLVC.	 For example;, use of the commander's EOP PLVC values indicated
	 s
significantly different in-flight values at all
	 levels of LBNP from -8
through -50 mm Hg while statistical
	 analysis using delta values indicated
statistically different deltas only at -8 and -50 mm Hg levels.
	 The same
t! situation occurs for the other crewmembers. 	 Therefore, the delta technique
provides a more useful analysis for determining where significant changes
in leg volume response occurred. 	 Table 16 summarized the percentage of
the total leg volume change occurring at each delta as well as the percent-
age of total leg volume change occurring per millimeter of Hg negative
i' pressure at each delta.
	 This data illustrates that for each individual
crewmember the percentage of the total leg volume change at each level of
negative pressure was very similar for the preflight and postflight
} phases.	 However, all	 three	 crewmembers experienced an in-flight volume
{ increase at the -8 mm Hg negative pressure level that ranged from 13 to
18 percent of the total leg volume change recorded at -50 mm Hg level.
w In addition to the increased volume change at the -8 mm Hg level the
crewmembers in general experienced an in-flight decrease _i in the percent
of total volume that occurred at the other (-16 through -50 mm Hg)
negative pressure levels compared to preflight and postflight values.
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Average percentage of the total leg volume
change at the indicated levels of negative
pressure
0	 -8	 -16	 -30	 -4.0
SUBJECT
PHASE 70 TO TO TO TO
-8 -16 -30 -40 -50
CDR -Preflight 3.6 16.4 28.8 24.6 26.7
(.45) (2.05) (2.56) (2.46) (2.67)
CDR In-flight 16.2 14.8 23.9 20.7 24.4
(2.02) (1.85) (1.71) (2.07) (2.44)
CDR Postflight 3.7 18.4 28.2	 - 25.3 24._5
(.46) (2,.30) (2.Q1) (2.53) (2.45)
SPT Preflight 1.5 20.3 34.2 22_.8 21*1
(0.19) (2,54) (2.44) (2.28,) (2.11)
SPT In-flight 14.3 15.6 26.2 21.2 22.7
(1.79) (1.95) (1.87) (2.12) (2.27)
SPT Postflight 0.0 17.9 33.0 25.6 24.1
(0.00) (2.24) (2.36) (2.56) (2.41)
PLT Preflight 0.0 9.1 30.1 32.0 29.1
(0.00) (1.14) (2.15) (3.20) (2:91)
PLT In-flight 18.3 13.0 21.3 22.1; 25.3
(2.29) (1,62) (1.52) (2.21) (2.53)
PLT Postflight 2.8 15.0) 31.4 25.8 25.1
(0.35) (1.88) (2.24) (2.58) (2.51)
Preflight 2.6 15.3 31.0 26.5 25.6
(0.32) (1.91) (2.21) (2.65) (2.56)
GROUP
MEAN
In-flight 16.3 14.5 23.8 21.3 24.1`
(2.04) ' (1.81) (1.70) (2. 13) (2.41)
Postflight 2.2 17.1 30.9 25.6 24.6
(0.28) (2.14) (2.21) (2.56) (2.46)
z
i
TABLE 16. SUMMARY Of THE AVERAGE PERCENTAGE OF THE TOTAL LEG
VOLUME CHANGE AT SPECIFIC LEVELS OF NEGATIVE PRESSURE..
YI
Slope of the Change in Calf Volume.
In order to appropriately characterize and compare the nature of the
calf volume response induced by various levels of .negative pressure, it
is necessary to consider the rate of change in calf volume. If one assumes
that the rapidly occurring change in a leg exposed to a change in nega-
tive pressure is due mostly to the physical filling of the veins and that
the delayed, slower change in volume occurring at that same decrement
x	 in pressure is due to transudation of fluid, then these rates of change
can be quantitated in a useful and meaningful way. Choosing a sampling
interval or duration for the change in leg volume in response to the 	 }
change in LBNP is complicated by the considerable variance in the LBNP
protocol that occurs in the individual runs. The data tabulated in
Tables 17 to 19 represents the equations of the best fit least squares
regression line of PLVC versus time for each level of negative pressure.
The algorithm used for these computations involved taking ten data
o-
samples of PLVC and time beginning one sample after the EOP time. This
algorithm was used each time the LBNP was decremented or for the run off
(R.O.) data when chamber pressure was being returned to ambient pressure.
The computation results in equations relating the change in PLVC to
time and is independent of the rate ofchange in LBNP pressure. The
Y	 average preflight, in-flight and postflight S1 slope data computed in this 	 I
manner is Tabulated for each astronaut by level of negative pressure in
Table 20. The S1 slope data shows an extreme amount of variation and
large standard deviations, partially because of the capricious nature of
the system, but mostly due to the fact that this type of computation does
not consider the rate and magnitude variation in negative pressure. The
a
graphical display of the average S1 slope values and the results of the
comparison of average preflight and in-flight values are shown in Figures
30 to 32. The recovery or run off slope values are read from the axes
at the right side of the graphs.
The average Sl slope values as shown on the preflight histograms indi-








TABLE 17. EQUATIONS FOR THE BEST FIT REGRESSION LINE OF PLVC VERSUS TIME FOR THE
S1 SLOPE OF CALF VOLUME AT ALL LEVELS OF NEGATIVE PRESSURE (COMMANDER).
RUN DAY CODE n A ^A Ng6MP - R .16 '30 -4n °5A R ► n.
Rn aT B p n1 RO Al 80 81 Rn 01 80 R1
1 R0 1 5i ,n .F.255 1.104 -1 9 .07 5 3.2.31 -22.a66 3.347 - 1 7;554 1.9n5 -1 7 ,1n2 1.997 hq ► 595 °3.016
2 113 1 ST 1n n.603 - n . 1' O n ° 1 4.6 n n 2.446 '14.745 7.177 °18,674 1.907 -23.5 11 8 1,681 157.147 °7.754
3 150 1 ST  ?93 n.s69 - 1 1. 3s e 3.582 °17.513 2;59 8 .27:718 2,9n- 2 -21.26 5 1'1;8n 13n.225 -6;329
4 178 1 5^ 1n -v,,a58 n.^13 °14.pa ^ 2.368 °19,59 7 ?.883 .15;709
197 15
^21. 5 1 7 1;581 8?1802 19.991
5 193 1 ST in n.129 - n.A ?.n -1 6 . 7 111 2 , 79 1 - 21. x97 3 . 1 24 '10. 55 0 1.JF5 ' 7 .31 6 %+. 6 2 1 54
4 480 '?.583
6 204 1 S T in -9,259 n.cDA - 9 .59 1.636 -8.969 1.396 °16.21 4 1.195 -31.56 9 o. 94a 89.548 '9.985
7 214 2 ST 1n -4.010, n, 7 81 -3, Olt 0.543 -1.58 6 n; 299 -4;679 0.519
.sa•+e. ***+. 8j.851 °7.051
8 219 2 S; to .0.346 i.a8n -4.2')0 0.853 •7.196 t;208 -13;574 19546 °2. 4 11 6 ^;12n 3.988 0	 n.000°
9 224 2 ST 1n '6.057 1,006 -3.1?5 0.567 -12 1 710 1. 9 22 °2.938 0.499 -7.05 7 n, 619 59,917 -?+853
10 22 8 2 S; In -3.278 0.447 -5.345 0.897 °9.676 i;463 °6;750 01 8 A2
'4,575 480 233. 7 82 °12.709
11 232 2 ST to -0.415 7 A5 -9.311 1;684 °15.652 ?.55 6 4.700 -0,1()B ^1 6 .066 1;314 45,733 °2.095
12 235 2 5T in -49.?O8 9.430 -9.30;n 1.719 -4.586 n.78 8 °3.316 0-557 -11. 3 09 n.951k 25.643 °1.092
13 239 2 ST in -13.9?5 9,791 '10.647 1.853 -1,652 n.404 -1 4 .083 1,6j2 -20. 6 0 6 1;573 33,711 °1.489
14 242 2 ST In .0,241 1.p3n -5.21; 0. 9 91 °9.342 1;559 -71;636 2.4"1 3 ^1. 9 04 %1 .16 1
16.336 -n.599
15. 244 2 ST in -A.SnR 1.987 '1.039 0,274 -5,607 n;972 -7;957 0.902 2.608 n.fl1 R 18045 ^ ►
1.725
16 248 2 ST 1n °1.774 n.979 -1.51; 0. 3 1 7 °6.023 n;962 -4;359 0,6Tp -20. 4 36 1,511 58.800 °2.741
1 7 251 2	 - 5T in .x.171 1.431 -4.3no 0. 8 67 '10.51 7 1.718 '7.1 8 2 0.975 '1.11 6 n. 98A
?9.250 °1.247
` }8 254 2 ST 1n -3.911 n.774 -5.9RA 1,11 8 -0.?22 n.332 -4:791 0.704 11.
8 9 4 -^;53'S 148.232 °8.103
}9_ 257 2 5? 1n -1.540 n,41n -7.408 1.224 '9,789 1.444 -5	 i;89 0.744 _'1 7 . 859 1.341 17.408
?0 26 0 2 ST to --0.457 1.080 -6.37-0 1.169 -6.136 t.n29 4;2'59 -O=1A6 -2.665
n.i8t ?11.568 -n.833
t ?1 263 2 ST In •5.691 1.134 -5.7n^ 1.069 '5.439 n.969 -34;473 3.674
-8.781 q.79^ 2n1865 'n,852
22 266- 2 ST in -5.9a5 1.193 -4 .49; 0. 878 -5 ► R46 0;972
.14:791 1.6E+3 -15085 x.'5.1 56.991 °?.670
73 268 3 5T In °0.439 n.53 7 '15.813 2.686 -11.780 1.83 6 -6;375 0.841 -16.566
j;99R 31?, 8 13 -15.450
94 269 3 57 In -1.1nO a.930 -12.254 2.056 -6 9 972 1;n69
1;724 -O.Orl
-2 9 . 4 1 6 i;t567. 419.402 '2n,590
f 25 270 3 ST in -1.698 0.15A -00211 0.058 '26.210 1.825 -1;861 0.372 -25
479,317 -23.779
_?6 2 7 2 3' -	 5T in -1n.16R 9.n81 1 92,1 R A 3 . 7 79 '32.981 4;894 -?7.035 2,960 -30.33 9 9.300 375. 351 °1F,.51p
?7 2 7 3 3 ST to - 1 0.173 7.1179 '12,4007 2.141 -13182 7 ?;1 44 -7.879 0.9p6 -10. 4 12 ;'.A61 439.041 .21.456
' t 8 27 7 3 ST in '2	 673c - 11.709 't 8 .2^A 3 .056 1 7*548 9:633 -19;265 2.006 -25. 895 "4	 71.	 1 394.242 -19;5'35
I
FT ?9 28 4 3 S 111 -1.871 n.z8a '12.OAA 5.365 -3 9 .14 9 5.703 -16.07 3 I,Ba9 -31.
98 6 ^.3SS 563.684 -?F.012
1 297 3 in 1199 n.-A -91. Bs 7 3 . 6 62 -25,4.61 3.765 -73.324 2.503 '21.021 1,62n 391.089 '19.515
j
,	 30	 S,	 ,..
* Indicates data was not available or could not be calculated.
# Indicates data was not used for statistical analysis.
,1
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TABLE 18. EQUATIONS FOR THE BEST FIT REGRESSION LINE OF PLVC VERSUS TIME FOR THE
S1 SLOPE OF CALF VOLUME AT ALL LEVELS OF NEGATIVE PRESSURE (SCIENTIST PILOT).
RU N DAY CODE MATA N S& M P -n .16 -30 -4n -5t1 R.O.
RO PT Bn R1 RO R1 80 81 So n1 80 81
1 67 1 Si 1n n.963 'n-25 A -0.7 1 0,089 - 1 7,974 7.680 -?4.006 2.67 '3.953 SDn 3 1 1.795 °15.331
2 95 1 ST to °n.n54 n•070 2.447 -0,400 - 3 4093 a.978 -?6.404 20878 '31,77 8 ;.15 A 310.575 ° 15.378
3 178 1 ST in - n ^n3A nJ80 -10. 94 7 1.872 -0,610 n;273 0?8:273 3.On6 -39,983 9' 0 2 5 144, 4 30 -6;955
4 1 9 3 1 S9 to -n.4AA n.iI t, -4.44; 0,736 -24.793 3, 7 08 °22.3 67 2.467 -37,19 6 0. 7 2 IRn•343 -8.774
5 2D 4 1 ST in 'in. 7 00 a.i3g '1 7 ,014 2.846 -38.355 5.676 -?0,455 2,364 °29,481 9.931 187.689 °0.135
6 213 2 .Si 1n -A.6.31 1,347 n'°f0.1	 a 81.	 88 °7.A	 9p 1;477 -8630 1 , 2x2 *^•^*^ {.a.. 157 .714#
'14.351#
7 216 2 ST in -'.845 n. T61 -292 r 0,491 -6,992 1.202 1;908 0,142 °0.09 5 x;799 3n,516 -1.253
8 220 2 ST in -Q, 12 8 I. A 21 -0.61: 01298 -6.258 t;178 -2;016 0,586 3,461 n 1D' in,147 'n.IT5
9 225 .2 ST in °0.059 i.T99 °12.394 2.221 '19.003 3;039 -23;28 0 2.777 -10. 499 1.87' 53.758 '9.337
10 229 2 ST in -A.p39 n.A37 'i2. 7A R 2.326 °12,454 2.11 2 °11.1 9 1 1.491 -12,245 i.1 V) 8,294 °n.104
12 235 2 ST In -2.067 '.480 0.478 -0.018 - lie?97 1.769 -6.009 0.832 -14,046 1:17 4 118,710 -5.691
13 237 2 5T In '	 .ibe 1. W `30.2 A a 3. 4 00 °6.383 1.127 -14 * 523 1.7;9 '13,305 9;176 71 ► 405 °3.305




2 ST to 6
-	
.56 8 n.01 0 1 1 6.1	 9 3 .052 -3.466 0.876 -	 4;.	 231	 i 1,9'tl °12,93 7 'j;	 99 66.014 '2.921
1.6 246 2 ST in °19,164 3.n4 g -4.7 0 4# 0. 9 00# °10.8 7 0 1; 7 10 1.467 0`191 -18,836 1;0
g ?n•750 'n.B05
J7 249 2 Si in ';737 '°0.151 -8.970 1. 625 °3.34 7 0;655 °10.869 1,308 °1 6 ,025 1.364 47.806 °9,129
1 8 253 2 57 in .i.t47 n,954 °4.997 0.903 -8,999 1;431 °12. 964 1,508 -12.28 8 1-	 147 A?.526
-4,818
19 255 2 ST to '1n.34 7 9.'87 '1149ne1 2,066 -21.524 3.?84 0;920 0,262 -2.121 ;.174 44,238 °1,98G
20 258 2 5T in -S.12i 1.n0 4 -3,7nS 0,651 -5,N13 n,904 -10;206 101x? 0,14n %1.16 6 ?m.540 -',837
71 261 2 ST in °4.340 n.47i ' i o.3 a,; 1,899 '24.960 3,795 -6;255 0.891 -io, 68 n ;1;96 7 47.174 'a.ib.y
?2 2 6 4 2 17 in -7.666 i.F51 °iI,4 f A 2.013 °6.476 1;n96 °21.306 2,364 -11.2 86 ;,;945 6n,339 °2'`328
23 266 2 ST in -r,,5a4 i.181 °4.266 0,904 -9.362 19585 ;1.097 0' 365 0,304 ;.96A 32,751 °1.390
24 268 3 St in A,n9g -1.$79 °1 4 .00 4 2.290 °5,631 '0 9 05 - 9i,278 1,360 °. 40.617 >.95 489.529 '?4.29i3
?5 269 3 S T to •9.238 n.A5R '94.9AA 4,183 - 36,F75 5,4 2F, °,36;344 3,99 -36.36 6 ;;70n 547,831 -2'OgvE?
?6 27 0 3 ST in ',,13 -n.67a -i 7 ,7 o o 2. 1`88 -44.368 #1;432 -40.356 3,323 -39. 551 n.031 6 43,282 '11.0114F	
97 272 3 ST in °6,396 n.A7 '43,36; 7 ' 232 °51,754 7pG 7 °38,1379 4,2ryo -68.350 :.904 'n0,in4;- '3,,,-,675	 ..
?8 27 3 3 ST In A,gC13 'n,08 4 ° 479 6Aa 6.3o? -40.x97 5;103 °;9;291 0 4, 18? -3 4 ,12 n 9;546 464.898 -2?. '12"
9`1 277 3 q
 in 11,0,12 °n.T9'i -21.1 '7 3 0 52`2 °360913 x . 966 °98 .53 5 3.10 -53. 29 4 14.794 724,p'ii <arypnr,
3 0 28 4 3 5+ in '11.741 n.s58 -40.60i 6,767 -48,867
+;156
-51.81 9 5,454 1 45,74 91 j.?ii 7 607. 3 89 -3x,101
31 297 3 S1 in 9.137 "0,1(13 -3, 1 f ; 0.559
-4 4
.ni n 7 .11 3 -39;363 4,236 -13,05q 1.97^ °+35, 3 60 -3/.{655
* Indicates data was not available or could not be calculated.
Indicates data was not used for statist;ca! analysis.
a
7RUN DAY CODE nATA NSAMP
	
-A	 .16	 -30
Rn P7 81% At RO
1 79 1 Si 1n n.Q90 °0.191 - 8.616 1,439 °7,603
2 92 1 ST to 1,551 °0.,01 .9.871 1,637 -11.499
3 178 1_ 5 to .1.439 n.19A . 1 0 . 10 1 1,727 .13.901
4 193 1 S+ In -n;9?? n.'10,; '11,9 5 5 1.995 -14.468
5 20 4 1 Si to °1.981 n•ti1 7 '13*2 1, 2.233 -14.823
6 214 2 ST to -11. 9 4 6 7.i9n -7.5 9 1 1.360 -6.?69
7 219 2 ST ir. -6.081 n.1,2A -2.614 0.545 -2,977
8 224 2 S± to -0.OS0 1.1,28 -4*5re 0,792 -13#516
9 227 2 ST in -A.749 1.155 -2.OA4 0.477 °5-146
10 231 2 ST In °49.395 ?.905 '11931- 2,183 -2,464
It 234 2 ST in .7.018 1.x21 - 8 .5Aa 1.632 °9.685
12 237 2 ST in - 7.301 1.h64 - 7.9A'- 1,570 -7e?il
13 241 2 ST In 'in.5 9 5 7.i1R °8.01; 1.498 -3.548
w	 14 243 2 Si to -11.349 n.p7a 29014 °0.238 -4,380
15 247 2 ST I -in.853 P.i90 -3.8no 0.824 '6.548
1 6 250 9 ST 1n -0.560 7,741 -13.5RS
2.447
-1190A3
17 253 2 .5 in .a.00R 1;A0a -4.611; 0.935 -3.130
18 256 2 ST in °n.D88 n.n4 7 - 8.3Az 1,514
°8.668
19 259 2 ST to 115.051 'S.n41 °94.840
4.323 -18.933
?0 262 2 ST In -;7.845 x.0,04 -5.310 1,078 -5,803
21 266 2 S+ 1n °14,043 9,a1P, -1.7 7 G 0,456 -6.505
22 268 3
Si in .5.533 1.i2 8 • 10 1 1 Qn 1,773 °14.264
73 269 3 ST In °A^??4 1.^BQ 12,2^^ 3 0 767 -26.n65
2 4 270 3, %T to "1;342 n.13 5 '16.OnA 4,394 -32.205
2 5 272 3 $ to -A,5 27 1,:61 '19.419 3.295 -23.809
76 273 3• S+ to -1.2A2 n.701 -12.5 4 4 2.151 -28.739
?7 277 3 S7 in 0.344 -0.081
. 12.6 1j 3;764 -29.974
T8 284 3 ST to - n.639 n. j410 -96.6A.; 4.453 -28.183
? 9 297 3 S- in °1.13 n.14^ '15.311; 2;552 '22•?40
Indicates data was not available or could not be calculated.
TABLE 19. EQUATIONS FOR THE BEST FIT REGRESSION LINE OF PLVC VERSUS TIME FOR THE




































3,048 -19.67 1	 .48A
1.1e6	 -14 . 71?	 1:167
1.5e5	 ****:*	 +++*+
1,4j9
	 °1 9 . 5 63	 1.'513
0.400	 0.107	 ;.19A
1,194 -1 4 . 859	 41737
0.8 p- 5	 12.439 -;.657
0..645	 -3,4()9	 ^;47A
1. 80 3 -15 . 7 0 1	1.12'
0,8;4 '22;042	 1;734




1.570 '13, 669	 1'. On
1.6Q6 -17. 4 2 9 	1; 45 A
0,914 °19.035	 1;5211
1,312	 1 5,484	 A.63R
1,tn- 3 ° 4 2.33 8	i.ROA




01 9 82	 -3,580	 x.494





2,912 -31. 4 22	 9.181
2.6x0 -15.63 8	1;969
2, 4 ,2 °20, 7 2 9	t:57n
6.,8 A- 8	 -30. 3 26	 -5.971,
2.8 3	 21, 9 90	 1;A2a
Reno
80	 81













?7. 8 81	 °1.167
	
46. 6 43	 •2.146
	
23, 0 01	 'n.905
	






















39. 9 54	 .1;752
304.976 °15.175
287. 7 49 '111.158
3 06.176 °15.110
4 ?'4. 493 12n.932
23{1. 6 07 -11.325
37?. 3 02 °18.440









in Leg Volume, + S.D. and
Level of Pressure
-8	 -16	 -30	 -40	 -50	 REC
.45 2.68 2.57 1.82 1.50 -4.61
CDR Preflight + .52 .69 .71 .64 .53 2.01
6 6 6 6 6 6
1.34* 1.00* 1.16* 1.07 .71* -3.05
CDR In-flight + .68 .47 .60 .97 .61 3.51
16 16 16 16 15 15
.64 2.85# 3.23# 1.45 1.79# -20.86*
CDR Postflight + .95 1.55 1.59 1.08 .51 3.75
8 8 8 8 8 8
.63 1.03 3.46 2.67 2.15 -11.12
SPT Preflight + .96 1.33 2.12 .30 .96 3.96
5 5 5 5 5 5
1.12 1.63 1.63* 1.17* .90* -1.42*
SPT In-flight +	 .79 1.00 .93 .76 .49 3.06
17 16 17 17 16 17
-0.32# 4.23*# 5.72# 3.73# 3.04# -29.85*
SPT Postflight + .76 2.36 2.12 1.19 1.07 5.14
8 8 8 8 8 7
.09 1.81 1.84 1.17 1.65 -6.59





1.99* 1.34 1.26 '1.23* .91 -2.46*
PLT In-flight +1.13 1.05 .63 .64 .66 2.03
16 16 16 '16 16 16
.64# 3.27*# 3.78*# 2.92# 1..68# -16.75*
PLT Postflight +,	 .56 1.01 .79 1.65 .47 .3.99
8 8 8 8 8 8
TABLE 20. SUMMARY OF S1 SLOPE (PLVC PER MINUTE) CHANGES
INDUCED BY LEVELS OF LOWER BODY NEGATIVE PRESSURE.
=i
i	 * Indicates significant difference (P<.05) from preflight.
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FIGURE 30. HISTOGRAMS SHOWING AVERAGE S1 SLOPE VALUES (+ 1 S.D.) FOR ALL LEVELS OF NEGATIVE PRESSURE.
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FIGURE 31.
	
HISTOGRAMS SHOWING AVERAGE S1 SLOPE VALUES (+ 1 S.D.) FOR ALL LEVELS OF NEGATIVE PRESSURE,.
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FIGURE 32. HISTOGRAMS SHOWING AVERAGE S1 SLOPE VALUES (+ 1 S.D.) FOR ALL LEVELS OF NEGATIVE PRESSURE.





slope values for other levels of negative pressure. The commander demon-




other levels of pressure. The scientist pilot demonstrated a relatively
low value at -16 mm Hg and his highest slope value at -30 mm Hg with a
large amount of variation at this and other levels. The pilot demonstrated
almost constant slope values for the -16 through -50 mm Hg preflight levels
(but considerably higher than his -8 mm Hg levels). The in-flight slope
averages resembled the preflight data somewhat except for the fact that
the -8 mm Hg slopes were much increased and most other slopes were decreased
measurably including the recovery slopes. While most in-flight slope
values were lower (except for -8 mm Hg), the pressure levels at which
significantly lower slope values seemed variable among crewmembers. Sig-	 F
nificant changes occurred at the -8, -16, -30 and -50 mm Hg levels for the
commander; -30, -40, -50 and recovery levels for the scientist pilot and
8, -40 and recovery levels for the pilot. Postflight slope values tended
in general to be considerably increased over both preflight and in-flight
values. Most of the slope values appear to be highly variable as shown
by the large standard deviations. This variation reflects a physiological
variation in addition to the variable techniques used for venting the
LBNP chamber to ambient pressure.
Table 21 contains the comparison data for the ratio of the in-flight
and postflight data to preflight values. The nine fold average increase
for the in-flight -8 mm Hg negative pressure level over preflight values
dramatically indicates the in-flight alteration. The 2.7 fold increase
at the -8 mm Hg postflight indicates that the return to preflight values 	 i
does not occur immediately. The -16 mm Hg level in-flight average response
was only slightly lower than preflight; however, all other levels were




postflight value at all pressure levels. Since the S1 slope parameters
were computed as the best fit least squares regression line of PLUC versus
time for each level of negative pressure, the average preflight, in-flight
and postflight Sl intercept values are summarized in Table 22	 The	 J
average intercept data (Table 22) in combination with the average slope
x	 64
W
rTABLE 21. RATIO OF IN-FLIGHT AND POSTFLIGHT S1 SLOPE
DATA COMPARED TO THE PREFLIGHT BASELINE DATA.
IN-FLIGHT POSTFLIGHT
CREW- Pressure Level Pressure Level
MEMBER
_8 -16	 -30 -40 -50 R -8 -16	 -30 -40 -50 R
CDR 3.0 0.4	 0.5 0.6 0.5 -0:7 1.4 1.1	 1.3 0.8 1.2 +4.5
SPT 1.8 1.6	 0.5 0.4 0.4 -0.9 -.5 4.1	 1.7 1.4 1.4 +2.7,
PLT 22.1 0.7	 0.7 0.6 0.6 -0.6 7.1 1.8	 2.1 1-.5 1.0 +2.6
GMOAN 9,0 0.9	 0.6 0.5 0.5 -0.7 2.7 2.3	 1.7 1.2
1.2 +3.3
data (Table 20) completely define the change in PLVC as a function of
time for each change in negative pressure.
In an effort to analyze the data in a more meaningful manner which
would include the rate of change of the negative pressure as well as the
rate of change of the calf volume, slopes were computed by using compli-
ance techngiues. Compliance of a'system is defined as the change
in volume per change in pressure and when applied to the volume change
of the calf allows computation of basic pressure volume characteristics.
Assessment of pressure-volume properties relates to the characteristics
of the overall calf segment and not solely to the intrinsic properties
of the veins. Certainly the pressure-volume characteristics of the deep
veins will be more affected by surrounding tissue than will the super-
ficial veins. However, in an effort to more adequately_ characterize
the volume changes occurring at the calf, a measure of compliance was
calculated. The compliance equations were calculated using the PLVC
and LBNP data beginning with the first data point during the interval







TABLE 22. SUMMARY OF AVERAGE S1 INTERCEPT
DATA FOR ALL CREWMEMSERS.
Average S1	 Intercept (PLVC), + S.D., and Number of
Runs at Indicated Levels of Pressure
EXPR
SUBJECT PHASE -8 -16 -30 -40 -50 REC
-2.08 -15.88 -17.47 -16.74 -20.38 95,08
CDR Preflight +2.54 4.1.5 5.01 6.43 7.98 40.10
6 6 6 6 6 6
-6.67 -5.45 -7.00 -8.59 -7.75 57.77
CDR In-flight +3.40 2:73 4.14 9.65 9.32 59.74
T6 16 16 16 15 15
-3.08 -16.88 -21.73 -12.51 -23.94 420.45
CDR Postflight +4.70 9.30 11.07 10.43 7.46 74. 84
8 8 8 8 8 8
-3.18 -6.13 -23.16 -24.30 -28.48 227.32
SPT Preflight +4.73 7.86 14.90 3.11 14.33 79.15
^5 5 5 5 5 5
-5.60 -8.98 -9.82 -8.57' -9.33 46.81
SPT I	 fl''	 t' LI 94 5 90 6 47 7 54 7 22 28 84
T7 16 17 17 16 16
1.64 -25.36 -39.12 -34.47 -41.39 601.83
SPT Postflight +3.79 14.17 14.72 11.71 15.91 102.74
8 8 8 8 8 7
-.36 -10.79 -12.46 -18.14 -22.06 135.80
PLT Preflight +1.55 1.83 3.00 8.74 8.48 65.18
5 5 5 5 4 4
-9.87 -7.07 -7.24 -9.53 -9.77 54.06
PLT In-flight +5.60 6.13 4.37 6.34 9.53 40.14









6.13	 5.53	 16.47	 6.69	 79.95
8	 8	 8	 8	 8	 8
.	 1
t
involved sampling the negative pressure to determine if the pressure
change was complete at which time no more samples would be analyzed. If
the pressure change for the standard decrements of -8 to -50 mm Hg was
not complete in ten samples or if the pressure change associated with the
run off was not complete in 25 samples, the sampling was stopped. At this
point, the equation of the best fit, least squares regression was computed.
This data is tabulated in Tables 23 through 25 for all three crewmembers.
The tables indicate the intercept (B0), the slope (B1) and the number of
samples (in parentheses) for each level of negativ q pressure. While these
data still show considerable variation among runs, tie slope is now
expressed as a function of the rate of change in negative pressure. The
effect of this computation is to decrease some of the slope values such as
the -30 mm Hg values which on previous slope computations were exaggerated
because of the 14 mm change in pressure rather than the usual 8 or 10
mm Hg change. The average preflight, in-flight and postflight compliance
values are tabulated for each crewmember in Table 26 and graphed as
histograms in Figures 33 to 35. The compliance values tended to exhibit
a pattern similar to that computed for the S1 slope information (PLVC/
minute). The in-flight -8 mm Hg level compliance values tended to be
greater than preflight values and the compliance values at other levels
or pressure including recovery seemed to be somewhat lower. The individual
patterns are slightly different from the Sl slope patterns as would be
expected since the rate of change of negative pressure is considered in
the compliance computation. Use of this computation does make the post-
flight data correlate more closely with preflight data; however, signifi-
cant differences did still occur at -16 and -30 mm Hg levels. The com-
parison of the average compliance values for the various mission phases
is tabulated in Table 27 where the values indicate the ratio or preflight
values to the compliance values of in-flight and postflight data.
The average preflight, in-flight and postflight Sl compliance inter-
cepts of the regression lines for PLVC versus level of negative pressure
are summarized in Table 28. The Sl compliance intercept data in combina-
tion with the S1 slope data (Table 26) completely define the average
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TABLE 23.	 EQUATIONS FOR THE BEST FIT REGRESSION LINE OF PLVC VERSUS NEGATIVE PRESSURE
(COMPLIANCE) FOR THE S1 SLOPE OF CALF VOLUME AT ALL LEVELS OF NEGATIVE
PRESSURE (COMMANDER).
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OF POOR QUALITYTABLE 24,	 EQUATIONS FOR THE BEST FIT REGRESSION LINE OF PLVC VERSUS
NEGATIVE PRESSURE (COMPLIANCE) FOR THE S1 SLOPE OF CALF 
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TABLE 25. EQUATIONS FOR THE BEST FIT REGRESSION LINE OF PLVC VERSUS
NEGATIVE PRESSURE (COMPLIANCE) FOR THE Sl SLOPE OF CALF
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TABLE 26. SUMMARY OF S1 SLOPE COMPLIANCE (PLVC/mm Hg)
CHANGES INDUCED BY LOWER BODY NEGATIVE PRESSURE.
SUBJECT EXPR
PHASE
Average S1	 Slope Compliance Changes, + S. 	 D. and
No. of Runs at Indicated Level of Negative Pressure
-8	 -16	 -30	 -40	 -50	 REC
-0.009 -0.037 -0.017 -0.019 -0.020 -0.041
CDR Preflight +0.011 0.015 0.010 0.006 0.007 0.017
6 6 6 6 6 6
-0.008 0.008* -0.011 -0.013 -0,010* -0.030*
CDR In-flight +0.009 0.010 0.006 0.013 0.009 0.010
T6 16 16 16 15 15
-0.009 -0.036# -0.026# -0.013 -0.017 -0.055#
CDR Postflight +0.018 0.027 0.012 0.011 0.008 0.017
+8 8 8 8 8 8
-0.007 -0.013 -0.025 -0.023 -0.022 -0.076
SPT Preflight +0.014 0.013 0.017 0.007 0.017 0.009
5 5 5 5 5 5
-0:010 -0.019 -0.013* -0.011* -0.010* -0.038*
SPT In-flight +0.014 0.016 0.008 0.007 0.008 0.011
T7 16 17 17 16 16
-0.002 -0.053*# -0.041# -0.030# -0.031# -0.076#
SPT Postflight +0.021 0.034 0.015 0.009 0.009 0.023
8 8 8 8 8 8
-0.006 -0.018 -0.013 -0.020 -0.021 -0.047
PLT Preflight +0.010 0.009 0.003 0.010 0.009 0.003
5 5 5 5 4 4
-0.022* -0.018 -0.014 -0.015 -0.012 -0.036
PLT In-flight +0.014 0.018 0.009 0.009 0.010 0.015
T6 16 16 16 16 16
-0.006# -0.037*# -0.030*# -0.,021 -0.016 -0.053#
PLT Postflight +0.011 0.014 0.009 0.006 0.003 0.029





id'icates significant difference (P<.05) from preflight.
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FIGURE 33. HISTOGRAMS SHOWING AVERAGE S1 SLOPE COMPLIANCE VALUES
(+ I S.O.) FOR ALL LEVELS OF NEGATIVE PRESSURE.
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FIGURE 34. HISTOGRAMS SHOWING AVERAGE S1 SLOPE COMPLIANCE VALUES
(+ 1 S.D.) FOR ALL LEVELS OF NEGATIVE PRESSURE.
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FIGURE 35. HISTOGRAMS SHOWING AVERAGE Sl SLOPE COMPLIANCE VALUES
(+ l S.D.) FOR ALL LEVELS OF NEGATIVE PRESSURE.
* Indicates a significant difference (P< 0.05) from preflight.
,..	 ,
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TABLE 27. RATIO OF IN-FLIGHT AND POSTFLIGHT




MEMBER Pressure Level Pressure Level
-8 -16 -30 -40 -50 R -8 -16 -30 -40 -50 R
CDR 0.9 0.2 0.6 0.7 0.5 0.7 1.0 1.0 1.5 0.7 0.9 1.3
SPT 1.4 1.5 0.5- 0.5 0.5 0.5 0.3 4.1 1.6 1.3 1.4 1.0
PLT 3.7 1.0 1.1 0.8 0.6 0.8 1.0 2.1 2.3 1.1 0.8 1.1
GROUP
MEAN
2.0 0.9 0.7 0.7 0.6 0.7 0.8 2.4 1.8 1.0 1.0 1.1
rate of volume change as a function of the magnitude change in negative
pressure.
The S1 slope is represented by the rate of change in calf volume
while the negative pressure is changing. The S2 slope is the rate of
change in calf volume occurring after a change in negative pressure and
a
or the period of time while the negative pressure is constant. The
algorithm used for the Skylab data involved computing regression lines
for PLVC versus time using a specific amount of time for negative pres-
sure, control and recovery periods	 The times and samples are listed
by period in Table 29. The individual S2 slope data (PLVC/minute) for
each crewmember are tabulated in Tables 30 through 32. The average
data tabulated in Table 33 and graphed by mission phase in Figures 36
through 38 demonstrate the severe variation occurring particularly in
the -8 and -16 mm Hg S2 slope data. The preflight control values
demonstrate a negative slope for all three crewmembers reflecting the
decrease in leg volume or "drainage" condition as a result of the






'S1 compliance intercept (PLVC), + S.D. and
of runs at indicated levels of pressure
_8	
-16	 -30	 -40	 -50	 REC
.12 -.20 .32 .83 1.32 1.07
CDR Preflight +.12 .24 .21 .33 .46 .54
6 6 6 6 6 6
-.03 .52 .97 1.63 2.50 2.25
CDR In-flight +.06 .33 .47 .71 .70 .83
16 16 16 16 15 15
.09 -.19 .42 1.56 2.22 2.00
CDR Postflight +.12 .38 .32 .42 .72 1.10
8 8 8 8 8 8
-.05 =.08 .61 1.84 2.79 1.44
SPT Preflight +.19 .19 .44 .40 .57 .62
5 5 5 5 5 5
-.01 .63 1.39 2.68 3.67 3.65
SPT In-flight +.07 .34 .61 .84 .99 .98
17 16 17 17 16 16
.02 -.54 .28 1.87 2.87 2.65
SPT Postflight +.06 .42 .19 .48 .68 .70
8 8 8 8 8 8
.02 -.17 .16 .89 1.75 1.74
PLT Preflight +.07 .10 .22 .72 .66 .32
5 5 5 5 4 4
-.01 .74 1.30 2.17 3.29 3.45
PLT Ii , flight +.08 .21 .40 .49 .35 .83
16 16 16 16 16 16
.12' -.16 .31 1.51 2.63 2.64
PLT Postflight +.13 .26 .21 .41 .56 .64
7 8 8 8 8 8
s
TABLE 28. SUMMARY OF AVERAGE Sl COMPLIANCE






TABLE 29. LENGTH OF TIME AND NUMBER OF SAMPLES






Control 2 min 150
-8 20 sec 25
-16 20 sec 25
-30 1	 min 75
-40 2 min 150
-50 2 min 150








'TABLE 30. EQUATIONS OF BEST FIT REGRESSION LINE
AT ALL LEVELS




S2 SLOPE OF CALF VOLUME
Rt)N D A Y CnDE r'n-TROD -A -.6 •30
-0 051 RELDVERY
Rn e;I Rb g+ Bn iai 130 B1 BO B1 80 at 80 81
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a 610 '_(1.,1.23 (1. 071 -n . n0#
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* Indicates data was not available or could not be calculated.
f Indicates data was not used for statistical analysis.
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TABLE 31. EQUATIONS OF BEST FIT REGRESSION LINE OF PLVC VERSUS TIME FOR THE
S2 SLOPE OF CALF VOLUME AT ALL LEVELS OF NEGATIVE PRESSURE
(SCIENTIST PILOT).
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f
available or could not be calculated.
# Indicates data was not used for statistical analysis.
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# Indicates data was not available or could not be calculated.
# Indicates data was not used for statistical analysis.
0SUBJECT EXPR
PHASE
Average S2 Slope Value, + S. 	 D.
at Indicated Level of Pressure
and Number of Runs
Control
	
-8	 -16	 -30	 -40	 -50 REC
-0.04 -0.02 -0.02 0.01 0.06 0.09 -0.01
CDR Preflight +0.03 0.08 0.21 0.02 0.02 0.04 0.05
6 6 6 5 6 6 6
0.00* 0.20 0.19 0.12* 0.07 0.11 -0.04
CDR In-flight +0.04 0.33 0.28 0.07 0.03 0.05 0.07
16 16 16 16 15 12 16
-0.05# 0.00 -0.03# 0.07* 0.12# 0.10 -0.07*
CDR Postf"ight +0.05 0.15 0.14 0.04 0.08 0.05 0.038 8 8 8 8 8 7
-0.03 0.14 0.43 0.08 0.10 0.12 -0.07
SPT Preflight +0.04 0.30 0.18 0.05 0.06 0.04 0.03
5 5 5 5 5 5 5
0.00 0.61 0.32 0.26* 0.13 0.15 -0.03
SPT In-flight +0.08 0.53 0.40 0.17 0.07 0.06 0.05
17 17 16 15 16 15 17
-0.01 0.00# 0.15 0.08# 0.15 0.17 -0.08
SPT Postflight +0.07 0.50 0.43 0.08 0.06 0.06 0.08
-8 8 8 8 8 7 8
-0.03 -0.01 0.09 0.10 0.11 0.11 -0.09
PLT Preflight +0.03 0.07 0.04 0.04 0.01 0.04 0.03
5 5 5 5 4 4 4
0.01 0.39* 0.28 0.20 0.13 0.17* -0.07
PLT In-flight +0.05 0.42 0.21 0.12 -0.03 0.04 0.06
76 15 16 16 16 16 16
-0.11*# -0.10# 0.08# 0.11 0.09# 0.13# -0.11
PLT Postfl''Cght +0.04 0.14 0.13 0.03 0.04 0.04 0.05





E	 TABLE 33. SUMMARY OF S2 SLOPE CHANGES (PLVC/MINUTE)
INDUCED BY LOWER BODY NEGATIVE PRESSURE.
C -8 —16 "-30 -40 —50 R 	 C —8 —16 —30 —40 -50 R	 C —8 -16 -30 —40 —50 R
PREFLIGHT	 IN-FLIGHT	 POSTFLIGHT
FIGURE 36. HISTOGRAMS SHOWING AVERAGE S2 SLOPE VALUES (+ 1 S.D.) FOR ALL LEVELS OF NEGATIVE PRESSURE.
Indicates a significant difference (P<0.05) from preflight.
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FIGURE 37.	 HISTOGRAMS SHOWING AVERAGE S2 SLOPE VALUES (+ 1 S.D.) FOR ALL LEVELS OF 'NEGATIVE PRESSURE.
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C —8 —16 —30 —40 —50 R	 C -6 —16 —30 —40 —50 R
	 C —6 —16 —30 —40 —50 R
PREFLIGHT
	 IN-FLIGHT	 POSTFLIGHT
FIGURE 38. HISTOGRAMS SHOWING AVERAGE S2 SLOPE VALUES (+ 1 S.D.) FOR ALL LEVELS OF NEGATIVE PRESSURE.
* Indicates a significant difference fP<0.05) from preflight.
Ratio of Average S2 Slope Data In-flight and
Postflight Compared to Average Preflight Values
SUBJECT EXPR at Indicated Levels of Pressure
PHASE
Control -8 -16 -30 -40 -50 REC
CDR In-flight 0.0 11.0 10.5 12.0 1.2 1.2 -4.0
CDR Postflight -1.2 0.0 1.0 7.0 2.0 1.1 -7.0
SPT In--flight 0.0 4.4 0.7 3.3 1.3 1.3 0.6
SPT Postflight 0.3 0.0 0.3 1.0 1..5 1.4 -1.1
PLT In-flight 1.3 40.0 3.1 2.0 1.2 1.5 0.8
PLT Postflight -3.7 -10.0 0.9 1.1 0.8	 . 1.2 -1.2
GROUP In-flight 0.4 22.8 4.8 5.8 1.2 1.3 -	 .9
MEAN Postflight -1.5 --3.3 0.7 3.0 1.4 1.2 -3.1
85
volume does not occur but is present again in the postflight average data.
The commander and pilot seemed to indicate fairly similar preflight S2
slope patterns; however, the scientist pilot demonstrated much larger S2
slope values particularly at the -8 and 16 mm Hg levels of pressure. The
average in-flight S2 values were considerably elevated over preflight
or postflight values particularly at the - ,8 and 16 mm Hg levels of pressure.
The variability in the in-flight measurements was very large with extreme
variation at -8 and -16 mm Hg levels. In general, the in-flight -40, -50
and recovery slopes were similar to the preflight and postflight measure-
ments. While the -8 and -16 mm Hg in-flight average S2 slopes were con-
siderably greater, only the S2 slopes for -30 mm Hg level for the commander
and scientist pilot and the -50 mm Hg level for the pilot were signifi-
cantly higher. Comparison of the average S2 slope values for the various
mission phases is tabulated in Table 34 where the values indicate the
ratio of preflight values to the in-flight and postflight data.
The average preflight, in-flight and postflight S2 intercepts of the
regression lines for PLVC versus time (minutes) are summar y zed in Table 35.
The S2 intercept data in combination with the S2 slope data (Table 33)
completely define the rate of volume change as a function of time at a
particular level of negative pressure.
TABLE 34.	 RATIO OF IN-FLIGHT AND POSTFLIGHT S2 SLOPE








+ S.D. and number
of pressure
CON	 -8	 -16	 -30	 -40	 -50 REC
PHASE
.24 .28 .77 1.31 1.23 .97 .50
CDR Preflight +.18 .53 1.58 .41 .52 .60 .79
6 6 6 5 6 6 6
-.05 -.65 -.21 .90 1.83 1.67 1.13
CDR In-flight +.21 1.80 1.81 .65 .53 1.18 1.48
16 16 16 16	 . 15 12 16
.26 .16 1.08 1.21 1.10 1.86 2.06
CDR Postflight +.24 .92 .96 .35 .75 .64 1.31
8 8 8 8 8 8 7
.11 -.84 -2.00 1.85 2.15 2.33 1.96
SPT Preflight +.21 1.70 1.25 .68 ^99 .54 .84
5 5 5 5 5 5 5
-.03 -2.80 -.62 .46 2.09 2.04 1.24
SPT In-flight +.40 2.97 2.54 1.35 1.38 1.05 1.18
17 17 16 15 16 15 17
.07 -.05 -.09 1.98 1.98 1.74 2.53
SPT Postflight +.34 2.97 3.10 .97 .47 1.29 2.22
8 8 8 8 8 7 8
.22 .10 -.25 .53 1.00 1.56 3.18
PLT Preflight +.13 .43 .27 .27 .57 .81 .59
5 5 5 5 4 4 4
-.04 -1.43 -.42 .74 1.86 1.62 2.09
PLT In-flight +.23 2.41 1.59 1.19 .62 .45 1.38
16 15 16 16 16 16 1 6
.59 .78 .31 1.08 1.88 1,68 3.71
PLT Postflight .19 .80 .87 .30 .53 .64 1.38







TABLE 35. SUMMARY OF AVERAGE S2 INTERCEPT
`	 DATA FOR ALL CREWMEMBERS.
i_ J
Calf Circumference
The left calf circumference as tabulated in Tables 3 to 5 and graphed
in Figure 39 indicates a fluctuating but generally decreasing preflight
baseline with a much steeper decrease on exposure to zero gravity. It
is not possible to determine the initial rate of decrease since no measure-
ments were obtained until mission day 5. The extent of the decrease
after 5 days in zero gravity was about the same for all crewmembers (3.5
to 4.0% decrease from the last preflight measurement). The leg circum--
ference appeared to stabilize slightly after the large initial decrease
and exhibited a downward trend throughout the first half of the in-flight
phase. The crewmembers demonstrated relatively stable leg circumferences
for the second half of the in-flight phase. Postflight data indicated
sizeable increases in leg circumference 2 to 3 days following recovery
and concomitant with an increase in body mass. Later postflight changes
occurred rather erratically with the exception of the pilot who exhibited
an almost steplike increase and then seemed to plateau,
Since accounting for the unknown, transitional nature of the change
in calf circumference would have complicated the data analysis, -the
Skylab 3 calf circumference data were grouped into average preflight, in-
flight and postflight categories similar to other parameters. The average
data were graphed as histograms and the results of the t-test indicated in
Figure 40. Using this type of analysis the mean in-flight left leg cir-
cumference was significantly smaller than the preflight averages for all
three crewmembers. The average decrease for the in-flight circumference
as shown in Table 36 was 7.2%. The average postflight circumferences
while greater than the in-flight values were still significantly smaller
than the preflight averages. Graphs and regression of the calf circumfer




c mputed on the assumption of linear data which is valid -for data obtained
after the first few days of weightlessness but ,certainly not for data
obtained immediately after entering zero gravity. The slope of the regres-
i	 s
	 sion lines for the SKylab 3 crewmembers indicates an average decrease of
a	 -^
w
(^ O COMMANDER	 - ----










































N	 6	 16	 8	 5	 17	 8	 5	 16	 8
COMMANDER	 SCIENTIST PILOT	 PILOT
FIGURE 40. HISTOGRAMS OF AVERAGE LEFT CALF CIRCUMFERENCE (+1 S.D.) FOR ALL ASTRONAUTS FOR ALL MISSION PHASE
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0.03 cm per day during the in-flight phase exclusive of the rapid initial
`y
decrease.	 However, regression lines calculated for the last 20 in-flight
days would yield slopes very close to zero indicating that the astronaus
Ihad stabilized at an approximately constant calf circumference. 	 Because
of this stabilization of calf circumference toward the end of the mission
and the resultant change of slope, it would be erroneous to extrapolate
the regression line beyond the actual period of data collection.;
Body Mass
_
The changes in body mass for the various M ssion phases are tabulated
in Tables 3 to 5 and graphed by run number in Figure 42. The varying pre-
flight body mass was followed in all three astronauts by a dramatic
decrease in mass upon entering weightlessness or at least by the time of
the first measurement.	 Following the initial fluid shift the average mass
` decrease was 3.3% by the time of the first measurement.	 Since no mass
measurements were made until mission day 5, the exact nature and rate of
mass loss is not known.	 However, other studies have indicated that a
rapid loss of mass would surely occur in the first several days.	 Sub- 5
r sequent to the initial rapid decrease in mass only very slight decreases
in mass were observed throughout the remainder of the in-flight phase.
l
The body mass for all three crewmembers reamined at or lower than in-
flight levels for the first two days postflight and then demonstrated r
a defined increase followed by a slower increase throughout the remainder
i of the postflight period.
The body mass data were grouped by average preflight, in-flight and
postflight phases and graphed as histograms in Figure 43. 	 A t-test analysis
indicated that the in-flight body mass was significantly lower than the
average preflight values for all crewmembers. 	 Although the postflight
data demonstrated an increasing trend, the average value was still con-
siderably lower than preflight values. 	 The average body mass values and
the comparison to preflight levels is contained in Table 37.	 The graph and
regression of the body mass versus mission day shown in Figure 44 indicate
the nature of the body mass changes for the duration of zero gravi ty expo-
sure following the initial rapid decrease for which no data is available. The
f ti,,
slope of the change was not dramatic with the maximum loss of 0,02 kg per day
occurring in the scientist pilot.
f	 .. 92
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FIGURE 43.
	 HISTOGRAMS OF AVERAGE BODY MASS (+l S.D.) FOR ALL ASTRONAUTS FOR ALL MISSION PHASES.











CDR Preflight 68.7 .5 6 ---
CDR In-flight 66.1 .3 16 3.8
CDR Postflight 66.3 1.8 8 3.5
SPT Preflight 61.8 .2 5 ---
SPT In-flight 58.7 .4 17 5.0
SPT Postflight 59.8 1.3 8 3.2
PLT Preflight 88.2 1.0 5 ---
PLT In-flight 85.7 .2 16 2.8
PLT Postflight 86.3 1.8 8 2.1
i
TABLE 37. AVERAGE BODY" MASS VALUES BY MISSION PHASE
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The complete explanation of the nature of the cardiovascular (including
leg volume) changes that occurred on the Skylab 3 mission in response to
both the weightless environment and the lower body negative pressure (M092)
experiment requires more scientific investigation. Although much valuable
k	 information and understanding has been obtained from this mission and
the Skylab 2 mission relative to the physiological responses and capa-
bilities of man in this new and unique environment, these experiments only 	 c
j	 begin to explain some of his basic adaptations to space. The leg volume
responses described in this report are only part of a large spectrum of
neurophysiological, musculoskeletal, biochemical and cardiovascular adjust-
ii	 ments required for the transition to and from zero gravity. While the
discussion of leg volume responses will be related to other cardiovascular
changes where possible, the final cross-correlational and inter-parameter
relationships have not been established.
Significant cardiovascular alterations appear to occur very early in
the zero gravity adaptation process. A major portion of the 4.1% average
s
} decrease in calf circumference recorded on the first measurement (mission
day 5) probably occurred much earlier (within the first 48 hours) and
^I	 represented a l to 2 liter loss in fluid from the legs. Earth laboratory
t	
tests indicate that the fluid shift from the legs of an individual placed
}	 in a 150 head down position is substantially complete within the first
24 hours. This massive vascular and extravascular fluid shift, although
not well quantitated for time course on the Skylab 3 mission, must be
the primary forcing function for many of the hormonal, biochemical and
cardiovascular phenomena important to the adaptation process. The head-
1- ward transfer of this relatively large volume of fluid from the lower
extremities is apparently responsible for the head and nasal congestion
and distention of upper body eins which occurs almost simultaneouslyy
with the onset of weightlessness. These symptoms continue throughout the
} flight phase and abruptly disappear a few hours after the reentry with






In the classical sense, the increased thoracic fluid should be sensed
as an expanded blood volume and initiate the appropriate neurohormonal
reflexes for restoration of fluid balance. Concomitantly the increased
venous return must transiently affect cardiac parameters and the barocep-
tors resulting in reflex alterations in cardiovascular dynamics. Many
of the compensatory mechanisms must have resulted in transient alterations
which were complete before lower body negative pressure testing was
initiated. By mission day 5, the fluid shift had precipitated some reduc-
tion in total circulating blood volume, some hemoconcentration (12) and
a partial emptying of lower extremity veins.
The LBNP device was designed to be a well-controlled stress device,
useful in both zero and earth gravity conditions, for assessment of central
and peripheral cardiovascular dynamics and assessment of crewmembers
orthostatic tolerance status. The cardiovascular response to lower body
negative pressure has been studied in considerable detail (5-7, 15-17, 21). 	
s
Additionally, some attention has been given to the application of long term
LBNP as a countermeasure against vascular "deconditioning" (18, 19).
Consideration and rationale for the use of these particular incremental
levels of negative pressure have been studied (20) although no thorough
studies have been performed using constant, incremental, pulse and sinusoid
input levels of negative pressure. In the present experiment, the LBNP
served as a simulator of orthostatic stress and no anti -deconditioning
effect was expected and none was obvious in the experimental data. The
LBNP protocol used for all phases of the Skylab program was identical
to that used for the Apollo pre and postflight orthostatic evaluation (11).
Unlike the Skylab 2 M092 experiments where the -50 mm Hg level of LBNP
was not utilized in-flight for 2 of the 3 crewmembers, the full negative
pressure profile was used throughout all Skylab 3 mission phases:
The LBNP (M092) experiment served as a very useful stress test since
the negative pressure protocol was of sufficient magnitude to cause early
termination orpresyncopal symptoms in-flight for 2 of the 3`crewmembers
while no preflight early terminations (of medical origins) were observed





in- flight suggests that either the.crew`s successful adaptation to the
weightless environment rendered them slightly less tolerant of this provo-
cative test or that the test as presented in zero gravity comprised a
stress slightly different from that of the earth environment. It can be
convincingly argued that, although there were wide variations in the rate
of change of negative pressure levels which complicated the analysis
of calf volume change, these variations would not account for the increased
frequency of early terminations or the increased volume changes. The
primary variation that occurred in the LBNP profile appeared to be a
function of air leakage around the waist seal and in case of the rum off
or recovery period (return of chamber pressure to ambient) a function of
whether the quick release valve (rapid venting) or the normal shutoff
valve (slower venting) was used. Rapid venting resulted in momentary
decreases in leg volume which approached a rate of 30 to 40% per minute
while the normal release of negative pressure usually resulted in de-
creases of 5 to 15% per minute. While this variation in protocol would
certainly influence recovery compliance characteristics and perhaps EOP
PLVC recovery data, it obviously had no effect on the leg volume character-
istics prior to the recovery portion of each M092 experiment. Notwithstanding
this variation in LBNP protocol it appears that the relatively empty veins of
the lower extremities constituted the most important reason for the signifi-
cantly different response in calf volumes observed between preflight and in-
flight LBNP tests.
In addition to the slightly increased frequency of in-flight early
terminations, the end of period calf volume changes during the in-flight
phase verified that the crewmembers had indeed experienced_ adjustments
within the cardiovascular system. The 'increase in EOP PLVC values
apparent on the first LBNP test and persisting throughout the in-flight
'	 phase can be attributed to several phenomena. It is readily apparent that
z:
the amount of blood within the veins of the lower extremities at the-begin-
ning of an LBNP test must be a contributing factor that determines the
extent of calf volume change that will be observed on LBNP tests. The
large volumes of blood that pooled in the -8 and -16 mm Hg periods provide








extremities . Since 85% of the total EOP PLVC in-flight increase occurred
within the first 2 minutes (-8 and X15 mm Hg) of the LBNP test, support
for rapid distention of the partly empty venous reservoirs of the lower
body is strong. With less blood being contained within the venous
reservoirs: of the lower body and with some in-flight diuresis one would
expect that the LBNP test in weightlessness would be more stressful than
the preflight tests. While the extent of physical filling of the veins
probably accounts for a major percentage of the increased calf volume
change observed in-flight, there are several other conditions which might
have contributed to larger EOP PLVC values. A change in the distensibility
of the elastic properties of the leg veins via hormonal, biochemical or
neuronal alteration of sympathetic traffic could affect both the rate and
magnitude of calf volume change. Lastly, the in-flight PLVC values
could seem slightly larger because of the decrease in leg circumference.
If only the same amount of blood were pooled in- flight as preflight,
the in-flight PLVC would undergo an apparent increase in percent leg
volume change due to the 7% decrease in leg circumference. This 10 to
15% decrease in calf volume could significantly affect the apparent PLVC
as measured in-flight. All of these factors could contribute to the
increased PLVC values observed in-flight; however, future experiments
preferably in zero gravity but possibly in bed rest studies must determine
their relative influence.
The fact remains that significantly greater leg volume changes occur
in-flight in response to the LBNP testa The levels of negative pressure
where the significant changes in leg volume occur depends upon how the
data is statistically analyzed. Comparison of preflight, in-flight and
postflight EOP PLVC by magnitude alone inaccurately emphasizes a volume
change due to a volume response at a preceeding negative pressure level.
This type of statistical comparison is particularly objectionable in
the in-flight M092 experiments where the greatest volume increase over
preflight levels occurred at the -8 mm Hg.or first negative pressure
level	 This increased -8 mm Hg level volume would then be reflected in





j	 volume changes. The statistical comparison which resulted in Significant
differences at a particular level of negative pressure indicates only that
I
a significant difference exists and does not reveal whether the significance
is due to volume changes during that level of negative pressure or is
due to large changes at a succeeding level of pressure.
This report does contain statistical comparisons of the EOP PLVCi
however, the results of the statistical comparison which indicates the 	 f
exact nature of the volume change at each level of negative pressure is
contained in Table 15 and represents the least confusing information
'	 about statistically significant leg volume changes. The average PLVC
delta values were obtained by computing the magnitude differences in EOP
leg volumes for the different levels of negative pressure. The previously
discussed EOP PLVC comparison (Table 12) resulted in in-flight statistical
differences at 12 different LBNP levels (all 5 levels for the commander
1
and pilot and -8 and -16 mm Hg for the scientist pilot). The comparison
of EOP PLVC using the PLVC delta analysis (Table 15) resulted in statist"-
cal significance at 7 different LBNP levels (CDR, 0 to -3, -40 to -50 and
-50 to REC; SPT, O to -8; PLT, 0 to -8, -8 to -16 and -50 to REC). The
-50 to REC comparison is actually not valid since this comparison includes
the -8 and -16 mm Hg leg volume changes and therefore only 5 in-flight
EOP deltas were significantly increased. In all crewmembers, the 0 to -8
mm Hg leg volume response was significantly increased as was the -40 to
50 delta in the commander and the -8 to -16 mm Hg delta for the pilot.
i	 The delta analysis convincingly suggests -that the primary differences
between the preflight and in-flight volume change occurred at the -8
and-16 mm Hg negative pressure levels. This information supports the
theory of a partially empty lower extremity venous system which is rapidly
filled during the initial levels of the LBNP test and which does not
j	 undergo significant enlargement at subsequently greater levels of negative
pressure.
3	 When the in-flight EOP PLVC and the EOP PLVC deltas were greater than
preflight values, either the S1 or the S2 slope or both had to be the
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in-flight change in all of the leg volume parameters in comparison to
preflight values for each crewmember. The plotted data represent the
average values of EOP PLVC, S1 and S2 slopes for each crewmember expressed
as a ratio of his preflight averages. These graphs clearly indicate the
relative changes in each parameter from preflight as well as provide an
overview of changes occurring in all of the computed values.
Analysis of the ratio type comparison such as graphed in Figure 45
for the commander reveals no increase of in-flight compliance at any LBNP
level and indicates that the elevated EOP PLVC occurs necessarily as a
result of increased in-flight S2 slope values. Recovery EOP PLVC values
are decreased since both the compliance and S1 slope values are decreased
in-flight. Slightly different results are revealed in the same type of
ratio comparison as shown in Figures 46 and 47 for the scientist pilot and
pilot. Figure 46 indicates that a slight increase in compliance at all
levels of LBNP occurred for the scientist pilot. Since the S2 slopes.
were also slightly increased with exception of the -16 mm Hg and the
recovery data,the EOP PLVC values were slightly greater than preflight
values. Figure 47 indicates that the in-flight compliance for the
pilot is either the same or elevated for the -8, -16 and -30 mm Hg
r levels and that slightly decreased compliance values occurred at the -40,
3-; -50 mm Hg and recovery phases.	 The elevated in-flight'EOP PLVC values
	
3
occurred primarily as a result of the elevated S2 slope data.	 The
slightly decreased EOP PLVC recovery occurred as a result of decreased
L^ compliance and decreased S2 slope values.
Figure 48 represents the mission averages for the computed values of
PLVC,EOP	 Sl, S1 compliance and S2 slopes. 	 Analysis of these parameters
'l indicates the relative contribution of each parameter toward the leg
volume changes observed in-flight.	 The average data indicates that both
z the compliance and the S2 slope data contribute to the elevated EOP PLVC 	 >
values at the -8 ro-r Hg Level	 of LBNP.	 However, at all other levels of
LBNP, the elevated EOP PLVC values occurred as a result of the elevated
P^ S2 slope values.	 The elevated in-flight recovery value with decreased












leg volume changes which occurred during the recovery portion of the LBNP
profile (i.e.,	 "rebound effect") so that the 2 minute computation of the
S2 slope is probably not a highly accurate indicator ^ of the final	 EOP PLVC
for recovery.	 The increased Sl slope or compliance value at the -8 mm Hg
level of pressure must have resulted primarily from the rapid distention
i of the partially empty lower extremity veins.
	
It is possible that some
increase in the Sl slope values at the initial
	
level of negative pressure
jcould have resulted from physiological alterations in venomotor tone r
or intrinsic changes in smooth muscle properties or changes of a bio-EE
chemical or hormonal nature. 	 However, changes of this nature cannot
-' be accepted as the principal reason for increased EOP calf volume chanaes
since this type of physiological alteration should manifest its effect
R at levels of negative pressure other than just -8 mm Hg.
	
The computation
of the compliance values for the Sl slopes resulted in values more
directly related to the true compliance characteristics of the limb.
fi However, the apparent difference in preflight and in-flight " compliance"
values must be viewed cautiously since the comparison cannot be equated
r directly.	 While the compliance values computed for the preflight and in-
flight -8 mm Hg period represent a specific change in calf volume fora
`
^l
specific change (8 mm Hg) in negative pressure, the difference in the
' volumes pooled does not necessarily represent a change in compliance
' The fact that the amount of blood (i.e., the initial filling state) in
3 the veins prior to the onset of negative pressure is probably not the same,
shifts the reference point on the pressure -volume curve such that different
{ compliance values can be obtained without any change in the elastic proper-
ties of the vein.	 In these experiments, if the veins were subjected to
lower transmural pressure in-flight such thatthey tended to become more
elliptical	 in their partially empty state, then the application of negative
`5
42 pressure would certainly result in an apparent increase in compliance
over a preflight condition where the veins were more distended. 	 Obviously
„ the initial	 filling state of the veins must be considered for a true
compliance comparisonparticularly in an area of the pressure volume curve
(-8 mm Hg) where large changes in volume can occur with little stretching





The elevated S2 slope data accounts for a considerable amount of the
increased EOP calf volume, The relative increase in S2.slope values is
immediately apparent from observation of the raw data, computed average
data for individual crewmembers and the summary data plotted in Figure 48.
The explanation for the elevated S2 slope values is not immediately
obvious. The S2 slope information obtained from previous tilt-table or
LBNP orthostatic toleranc ,- testing was related to the transudation of
fluid across the capillary membrane in response to altered transmural
conditions. There is evidence in these experiments to support increased,
fluid shifts from the vascular to extravascular compartments during the
y
in-flight phase. The highly variable, though increased, S2 slope values
in combination with a larger residual calf volume during the recovery
portion of the experiments indicate that a greater amount of fluid was
shifted in-flight. The relative contribution of various factors such
as increased compliance, diminished interstitial fluid pressure, the role
of supporting tissue and alteration in venomotor tone could not be
assessed in these experiments, but most likely all of these factors are of
importance and contribute in varying degrees to the EOP PLVC and slope data.




of the M092 LBNP experiment. The more strenous exercise protocol, dietary
alterations and slightly elevated workshop temperatures were probably con-
tributory to adjustments in water and electrolyto,' balance and endocrine
responses (14). The magnitude of the effect of a number of experiment
procedures for blood sampling, EVAs or other routines which prevented rigid
adherence to testing schedules is difficult to assess. These factors plus
other involved neurohormonal adjustment of adaptation must certainly have
altered the crew's LBNP response. Nevertheless, it is remarkable that with-
in the constraints of such a demanding experiment schedule and a small
population sample so much information and knowledge has been obtained con-.





The Skylab crew exhibited an immediate increase in calf volume in
response to the first in-flight lower body negative pressure experiment.
The EUP PLVC values were highly variable, tended to remain elevated
throughout the in-flight phase and did not demonstrate a significant
trend during the zero gravity exposure. EOP PLVC increases were
significant at all levels of LBNP for the commander and pilot and at the
-8 and -16 mm Hg for the scientist pilot. Analysis of PLVC deltas
revealed that the actual significant increases occurred at -8 and -50 mm
Hg for, the commander, -8 mm Hg for the scientist pilot and -8 and -16 mm
Hg for the pilot. This analysis also indicated that approximately 85%
of the in-flight increase in calf volume occurred within the first two
minutes of the LBNP protocol ( during the -8 and -16 mm Hg level of negative
pressure). This rapid shift of blood into the lower extremity veins at
such small levels of negative pressure strongly suggests a partially empty
lower body venous system as an initial condition for the in-flight LBNP
tests.
As a result of the increased volume changes, the crewmembers experienced
a sli ghtly greater incidence of early termination in-flight. The -increase
in fluid pooling in the lower body and slightly elevated heart rates
indicated a loss of orthostatic tolerance which remained throughout the
in-flight phase. The combination of more frequent early terminations,
increased calf volume changes and reduced circulating fluid volumes
r
provably indicate that the level of in-flight negative pressure represented 	 t	
i
i;
a greater cardiovascular stress than did the preflight protocol.
The in-flight S1 slope computations !ere highly variable but tended
,5	 9'	 to show increased slopes at -8 mm Hg and decreased slopes at most other 	 r
'levels of negative pressure. The runoff or recovery slope values also
zi tended to decrease from preflight values. The increased Sl slope values
^j
probably reflected the rapid filling of the partially empty venous
reservoirs and in combination with altered S2 slope values influence the









It is interesting to note that no significant increases in Sl compliance
were observed for the in-flight data at levels of negative pressure
greater than -8 mm Hg and that significant decreases were quite common.
The S2 slope values were extremely variant, increased at most levels
and showed the greatest increases at -8, -16 and -30 mm Hg negative pres-
sure levels. The increases probably reflect the diminished interstitial
fluid pressure in-flight combined with the effects of the initial rapid
filling and distension of the veins during application of LBNP.
In-flight measurements of body mass and calf circumference indicated,
an early significant reduction in. both parameters. As with the Skylab 2
mission, the initial loss of volume from the legs appeared to correlate
with the cephalad fluid shift and onset of cranial and cervical congestion.
The average in-flight decrease in calf circumference was 7.2% with a
decrease of 0.03 cm per day although the circumference was tending to
stabilize during the latter in-flight phase. The more extensive
exercise program and dietary adjustments helped stabilize the loss in
body mass to 3.9%. The average in-flight loss in body mass was 0.01 Kg
per day although the commander and pilot had stabilized very well.
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J	 bQ * 085 14 -15 FTTH 3 1. 0. 31 ' 1,81 1040 a2.01 2,80 3:.54 4,33 14,5 22 FEti 73
dS 087 FTTH 365 O.?,. U.83 1.33 1.95 2.65 3.33 4eU9 14.5 06 MAR 73
UT * 088 14-15 FTTH 301 0,33 0683 1.38 2.04 2,76 3,49 4.27 1465 0? APR 73
b X " 092 14'15 FTTH 314 0,2? 1,.8,3 1.46 2.244 3.08 3,9U 4,68 14,5 18 MAY 73
UY * 093 14-15 FTTH 3o7 0039 t;.83 1.33 1.9Z 2.557 3.2Z 3.012 14,5 02 APR 73
UB 096 15'1h FTTH 304 0.24 0.83 1.40 2.i+ ► 2.89 3,76 4.63 15.5 02 APR 73	
i
40 098 16-17 FTTH 303 0,21* (1463 1.33 2. 110 2.97 3982 4,( 2 1 6115 21 MAY 73LE	
' 059 16 -17 FTT14 2-h 0019 ,,.83 1.51 2,2-e 31103 3.96 4,81 16115 22 MAR 73
L,'G 101 16-17 FTTH 3t<L 0.2S U.83 1041 k4ob 2.69 3.51 4,29 1605 1.2 MAk 73
4L 1 06 14-15 FTTH 31,. ei1% U.8a 1.36 1.9b 2.`4 3.26 3,98 14.5 02 JUL 73	 i
U8 107 14-1^) FT;H 20 i^ L-VI 1.34 1.94 2.60 312( 3.9b 14.5 U7 MAR 73
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054 16-17 PL L) 2e9 7.21 u 1.4b 2.1j 2.86 3,68 4,53 16 ,,5 09 APR 73AP 058 13-14 MLU 300 0.3( U.83 1.333 1.84 2.41 3.0( 3,64 13.5 13 MAR 73A U 063 13-111 MLU 3.2 0.2b U983 1.45 2.06 2.68 3.6b 4,50 13.5 28 AUG 73Ly 065 13-10 MLIJ 3+6 0.30 0.83 1.30 1.9v 2.'49 3.12 3,62 13.5 10 APR 73b A, 069 14'1 MLU 3@1 0.31 v .83 1.36 1.92 2,58 3.25 3.96 14,5 20 MAR 73
ts B 070 14-15 "sL 333 0.34 U.83 1.30 1496 2.(2 3,48 4.13 14,5 09 APR 73bC 071 14'15 MLU 316 0.2b U.83 1.40 2,24 3.12 3,96 4.70 14.5 29 AUG 73
a	 bD
`^'
072 15110 MLU 394 x.25 U.83 .51 2.1v 2.93 3.7.i 4159 15.5 lb APR 73
•' bE 073 15Th MLU 3 t U U.	 b U.83 1.40 2,01 2.66 3,.38 4.11 15.5 04 APR 73b G 075 16'17 MLU. 3*2 0.2b U.B; 1.44 2.0b 2.18 3.53 4,29 16.5 09 APR 73bH 076 16-17 MLU 3 +6 0. 22 U.83 1.49 2.25 3.U7 490( 4,88 16.5 22 MAR 73UC 097 15'16 NL 3oU 0.27 U.83 1.41 2r 1( 2.68 3.71 4.56 15,5 04 APR 73











0 6 SEP 73
06 DE C 72




























LVMS I.ALIBRATIDN CUKvE DATA




















AD 046 14-15 FLT. 311+ 0.3U 4,83 1.37 '2.14 29(0 3,4U 4,16 14.5 07 DEC 72
AJ> 052 12-13 FLT. 315 0.4b 0-83 1.30 1.7J 2.23 2.79 3,49 12.5 06 SEP 73
AN QSb 13m14 R, U- 307 0441 U,83 1.2`> 1.83 2037 2.94 38:4 13.5 05	 FEfs 73
A Q 059 13-14 R,U• 302 0. 1 ,) 0.83 1.51 2.36 3012 3,92 4,79 13,5 06 FEB 73
AX,' 066 13-14 FLT. 307 0.41 0.83 1.32 1,87 2.44 3 * Ob 3.75 13.5 05 DEC 72
bj 078 14-15 FLT, 3o2 0.40 U.83 1.30 1185 2.48 3- 10 3,75 14,5 05 DEC 72
$ UK 079 14-15 FLT. 396 0./11 u-83 192Y 1083 2,43 3,04 3968 14,5 06 DEC 72
G
b
 089 14-111 FLT, 305 0.34 0.83 1.30 1.97 2,66 3,32 4006 14,5
U v 090 14-15 FLT, 306 0.41 o,33 1,2y 1.79 2.41 3001 3976 14,5
U Z 094 15-10 FLT. 393 0.32 0.83 1,39 1.97 2.61 3,33 4813 15o5w
4A 095 15-16 FLT, 3+7 0.26 U983 1945 2.10 2e64 3,64 4,52 1505
L H 102 13-14 FLT. 3P2 0,-49 0*83 7.32 1o82 2.34 2,94 3,61 13,5
LI 103 13-14 FLT, 05 0.3b L-83 1.33 1.83 2.35 2,94 3,6U 13,5
0J 10 4 13-14 FLT, 305 0151 G.83 1.23 1.67 2,14 2,69 3.25 13,5
0 D 109 12-13 FLT, 306 0.54 0,83 11.33 1.85 2,32 2,95 3.66 12,5
Gp 110 15-1n FLT, 306 0.33 C-83 1,3/ 1.96 2.63 3.38 4,15 15,5
0R 111 16-1T FLT. 3Q6 0.31 (J.89 1.42 'L.OU 2067 3,39 4,14 1695
GS 113 12-13 FLT. 308 1"'.44 0.83 1.3b 1.68 2,42 3,02 3.63 12,5
0T 114 12-14 FLT. 41 b C., aC, L.83 1.32 1.8U 2,28 2.80 3,33 12,5
U U 115 1b °17 ALT. 3+<
_.3i. 4.F 1.41 2,0j 2.72 3052 4,36 16.5
LV 116 10°17 FLT. 3P1 .ul f,83 1,33 1,84 2-44 3,14 3-8U 16,5
LX 117 14- 1" FLT. 3.4 f.^5 0.03 1,Z4 1-72 2.27 2.b1 -31,56 14.5
Ly 12 -13 F	 T, ;41 ,ae ,=8? 1,37 1.$V 2.45 3.11 3,93 12.5
fw
{^.	
LVMS UALIBRATION CURVE DATA
4	 VOLTAGF AT 1VUICAIEU VULUML CHANGL
H AND SEP,
	 RAND	 RAMP•	 CAL,	
-1 %	 (1	 i %	 2 x	 3 X
	
4 bIU	 NO	 SItE	 C
^^ ^ESI	 , NUr
AA "	 0. .43 12-13 DVTU 3t5 0,33 U.83 1.34
AB 044 13-14 PVTU 3# 4 0.32 L.83 1.38
A  050 15-1h 17VTU 2.1 0. 1b 0.83 1.5t
At 051 15-I DVTH 3v3 0026 U a 8 3 1,40.
AK 053 13-14 DVTU 3P2 0.31 U.83 1,41
A0 057 12-13 1)VTU 01 0.44 U-83 1t30
esI 077 16-1t DVTU 393 0 . ? i U•83 1.31
v	 U  081 14-15 1)VT1) 3 ► G 0.34 0.83 1.36
b
 082 14-15 DVTI1 305 C.?y 0.83 1.30
^s0 083 14'15 PVTU 3s5 C.35 6,83 1.39
F 100 1'6'1f DVTU 3s7 (?,?.i t,,83 1.40
t
LX 105 1 4 - 15 OVTtt 3s 1 0.29 Us 83 1, 43
--
i
N 108- 14-1 5 DvTU 391 0.32 1.83 1.41
INDICATES BANDS LATER USED AS MLU LEG BANDS
	 *GljyAL PAGE  3S
V@M QUALM
5 %	 LYL.	 DATE CIF
SIZE 	 TEST
1 1 89 2,42 • 3.04 3,66 12.5 13 JUN 73
2.01 2,60 3.29 4,11 13.5 02 JUL 73
203( 3.15 4.08 4,98 15.5 11 SEP 73
2.15 2,88 3.71 4,6U 1505 29 AUG 73
2.OU 2.67 3,45 4,1b 13,5 25 JUL 73
1,79 2,32 2,94 3,58 12.5 30 JUL 73
2 .2 4 3,07 3.99 4,79 1505 03 JUL 73
2.0 6 2,87 3,6U 4,41 14,5 03 JUL 73
2.16 3,03 3,81 4,52 14,5 02 JUL 73
2.0r 2,82 3.56 4,26 14,5 03 JUL 73
2 ,1 8 3.09 4.02 4.86 16,5 24 MAY 73
2.12 2.94 3,71 4,53 14,5 03 JUL 73
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DESCRIPTORS FOR RUN TYPE CODE
1. Data OK
2. Missing Data
3. Questionable or bad data
4. Short Record
5. Data over range
6. 10 min at -40 mm Hg
r	 7. Timing off




Combinations - 2nd digit indicates 2nd condition
21 -- 30	 Missing data
;a
31 -- 40	 Questionable or bad data
41 -- 50	 Presyncope 3
51 -- 60	 Data over range
61' -- 70
	 10 min at -40 mm Hg
^ n
71 -- 80	 Timing off
81 -- 90	 Rt leg offset - used left leg.
FOR COMBINATION CODES THE 2ND DIGIT SHOULD ALWAYS BE LARGER THAN THE
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